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Today, more Americans are seeking and re- 
ceiving proper eye care than at any time in 
the history of our country. 


The butcher, the baker, the candlestick 
maker and the vast army of war workers are 
becoming increasingly conscious of the need 
for maximum visual efficiency. They’re de- 
pending on the skills of the refractionist for, 
today, sight conservation is a must! Fortu- 
nately, the American public when in need of 
visual attention can turn with confidence toa 
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SOME OBSERVATIONS AND EXPERIMENTAL STUDIES ON THE 
PHYSIOLOGY OF THE CILIARY MUSCLE* 


Ericu Sacus, M.D. 
Detroit 


The first direct observations of the 
mammalian ciliary muscle in action were 
described by Hensen and Voelckers* in 
their classical ‘““Experimentaluntersuchun- 
gen tiber den Mechanismus der. Accom- 
modation.” They studied dog eyes in situ, 
stimulating the muscle electrically by way 
of the exposed ciliary ganglion. The con- 
traction of the muscle was either: (a) 
observed directly through a meridional 
scleral window that extended posteriorly 
from the neighborhood of the limbus; or 
(b) revealed by the movements of pins 
thrust through the ocular coats, each serv- 
ing as a lever with the sclera for a ful- 
crum and with a short intraocular and a 
long extraocular arm. In a second publica- 
tion? they reported on the capuchin mon- 
key, the cat, and on one human eye, as 
follows: 

During stimulation, the outer surface 
of the muscle showed a partial flattening. 
Simultaneously, there was a forward 
movement of the choroid, amounting to 
0.5 mm. near the equator, but diminishing 
toward the optic nerve. A pin thrust 
through the muscle remained motionless, 
as did one through the macula; but equa- 
torial pins indicated a forward movement 


* From the Ophthalmic Research Laboratory, 
Wayne University, College of Medicine. This 
Investigation was supported in part by the 
Jennie Grogan Mendelson Memorial Fund for 
Ophthalmology. Presented before the thirteenth 
scientific meeting of the Association for Re- 
search in Ophthalmology at Atlantic City, New 
Jersey, June 9, 1942. 
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of their intraocular portions. Dog, cat, 
monkey, and man reacted essentially alike. 
Through a window cut in the bulbus of a 
dog, they observed the participation of the 
diametrically opposite retina in the cho- 
roidal movement. 

The observations of Hensen and 
Voelckers were confirmed by Hess and 
Heine® in a likewise classical paper on 
the influence of accommodation upon in- 
traocular pressure. They employed the 
pin method and local faradic stimulation 
at the limbus of the eyes of dogs and cats. 
There was no movement of the intraocu- 
lar portion of the pin in the direction of 
the optic nerve, and pins that were equi- 
distant from the corneal border did not 
always show the same excursion under the 
same stimulus. 

Hess* later performed many more ex- 
periments on halved eyes of various ani- 
mals under local stimulation, but gained 
no essential new facts. 

Luedde’ called attention to the work of 
Hensen and Voelckers and suggested that 
its continuation would be valuable. I was 
of the same opinion, although the experi- 
ments herein described were an inde- 
pendent outgrowth of a program of (un- 
published) pharmacologic investigations 
of the ciliary muscle, suggested by Dr. 
Parker Heath.* It is obviously desirable 


+ Also in progress are some experiments on 
the movements of the vitreous during stimula- 
tion. These studies, which involve the injection 
of radiopaque droplets and their skiagraphic ob- 
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to know the performance of the ciliary 
muscle in a quantitative sense, apart from 
its involvement in accommodation. 


MATERIALS AND PROCEDURE 


All experiments were performed on ex- 
cised eyes of dogs and cats. Routinely, 
enucleation in the dog was performed 
while the animal was under deep bar- 


biturate anesthesia, but in the cat im- 
mediately after the animal was killed by 
fracturing the spine. 

The temporal sector of the eye was 
used (unless otherwise specified) since 
it exhibits the best development of the 
ciliary body in these animals (see Kah- 
mann).® 

The external surface of the uveal tract 
was exposed in a meridional scleral win- 
dow extending from about a millimeter 
behind the limbus almost to the optic 
nerve (fig. 1). Through such a window 


servation, have not yet yielded publishable re- 
sults. In their prosecution, as well as that of the 
experiments herein reported, the assistance of 
Dr. Frances MacCraken has been most valuable 
and is hereby gratefully acknowledged. 


(in either dog or cat) one may sometimes 
see the metallically flecked periphery of 
the iris, and can always see the grayish 
or whitish surface of the ciliary muscle 
which, three or four millimeters behind 
the limbus, takes on more and more scat- 
tered pigment until (even before the ora 
terminalis retinae is reached) the pig- 
mentation is of the heavy, homogeneous 


Fig. 1 (Sachs). 1, Hous- 
ing of electromagnetic duc- 
tor, showing ammeter and 
control knobs of switch and 
rheostat. 2, Solenoid-core 
extension protruding from 
protective tube, and with 
terminal claw affixed to uvea 
in scleral window. 3, Two- 
point electrodes applied at 
limbus corneae. 4, Observing 
microscope (out of posi- 
tion). 


nature that is characteristic of the entire 
choroid. 

The prepared eye was placed in a 
25-mm. funnel, from which a_ portion 
had been removed to provide free access 
for the electrodes, and into which the eye- 
ball settled itself according to its size. The 
scleral window faced upward, with the 
point under observation uppermost gnd 
with the cornea directed toward the lateral 
opening in the funnel. 

The observations were made through a 
Spencer stereoscopic microscope (no. 23), 
with X2 objectives and X9 oculars. In 
the quantitative studies, a micrometer in 
a X10 ocular was employed. 

For exactly counterbalancing (and thus 
“recording”’) the force of the pull exerted 
by the contracting ciliary muscle along a 
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meridian of the exposed uvea, a special 
electromagnetic ductor was designed*: 
The instrument contains a_ solenoid, 
mounted with its axis horizontal. With- 
in the solenoid a soft iron core is 
suspended, approximately aligned with 
the axis and kept exactly horizontal dur- 
ing use. The suspension of the core con- 
sists of slender aluminum-tubing exten- 
sions at both ends. The distal extension is 
cradled in a 60-degree V-shaped loop of 
nylon fiber, whose upper ends are ce- 
mented to stationary posts. The extension 
at the “business” end of the core is con- 
siderably longer than at the other, and 
extends outside the case of the instru- 
ment (fig. 1). It terminates in a stainless- 
steel claw, 1.75 mm. in width, with three 
recurved tines, sharp enough to hold the 
tissue but not so slender as to tear it. The 
total weight of the solenoid core and its 
extensions is 225 mg. The clawed exten- 
sion bears a telltale that indicates the rest 
position of the core (when the solenoid 
is not energized). The energizing current, 
supplied by two dry cells, is regulated by 
a rheostate and an on-and-off switch, and 
recorded by a milliammeter. The meter 
is calibrated in milligrams of pull of the 
solenoid, which can exert 200 mg. (which 
maximum, unfortunately, was not infre- 
quently found to be too weak). 

In the experiments that necessitated 
the production of a known and variable 
intraocular pressure, the eye was mounted 
in a special manometric instrument to be 
described in a future paper. 

A Harvard inductorium energized by 
two dry cells provided a faradic current 
for direct stimulation. Except as other- 
wise noted below, the electrodes (plati- 
num wires 5 mm. apart) were always 
placed on the fibrous tunic at the limbal 
end of the scleral window. Care was 
taken to place them so that the movement 


* And constructed by Mr. Nichols of the 
Nichols-Chase Company, Detroit. 


of the points under observation would 
proceed only meridionally and not di- 
agonally. The area actually stimulated ex- 
tended over more than an octant of the 
surface of the eyeball. 

In order to identify points on the uvea, 
particles of pulverized soft white chalk 
were dusted on the exposed surface. The 
shape of the individual particles or clumps 
was sufficiently characteristic for purposes 
of identification. Their positions on 
meridians were determined by means of a 
strip of millimeter-ruled paper placed 
meridionally along the cut edge of the 
sclera with the limbus as the “zero” of 
this scale, and their positions on lines 
normal to their meridians were ascer- 
tained with the ocular micrometer, re- 
calibrated in micra. The micrometer scale 
alone was used for measuring movements 
during stimulation. Whereas it is the plane 
projection of a circumferential movement 
that is thus measured, the difference be- 
tween arc and chord is negligible in this 
situation. (Dog: equatorial circumference 
66.5 mm.; cat: equatorial circumference 
64.6 mm.*; maximal movement ever ob- 
served, about 0.5 mm.) 

The relation between duration and ex- 
tent of movement was measured by means 
of a stop-watch and expressed as sigma 
per micron. 

The force of contraction was measured 
as follows: The claw of the ductor was 
hooked into the tissue at some desired 
distance from the limbus, with its pull 
directed toward the fundus and its line 
of travel precisely tangential to the outer 
surface of the exposed uvea (fig. 1). A 
line of the micrometer scale was aligned 
with a landmark on the claw. Two or 
three preliminary stimulations determined 
the approximate magnetic pull necessary 
to immobilize the claw during contraction 
of the muscle. In making the definitive 
measurement, the rheostat was left at the 


* These values based upon dat: of Nicolas.’ 
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“approximate” setting; and when the 
muscle was stimulated, the switch was 
simultaneously turned to “on” and the 
rheostat quickly adjusted to yield an 
exactly counterbalancing pull. In this 
way, the force of the muscle’s contraction 
was measured without subjecting it to a 
gradually increasing load. 


NZ 


seemed to be more marked in eyes under 
subnormal post-mortem tension (that is 
less than about 10 to 11 mm. Hg). Meas. 
urements were made of the distance of the 
neutral zone from the limbus in 1] dog 
eyes. This value was 2.0 and 2.5 mm, in 
two eyes, and 2.0 mm. in one other meas. 
ured nasally, 4.0 mm. in six eyes, and 46 


FMZ 


Fig. 2 (Sachs). External surface of anterior uvea (dog or cat), showing zones of activity, 
I, iris; L, site of limbus corneae ; BMZ, backward-moving zone; NZ, neutral zone, showing folds; 


F MZ, forward-moving zone. 


RESULTS 

The types of movement. When the sur- 
face of the uvea was exposed and the 
faradic stimulus applied, the following re- 
action was observed in both dogs and 
cats: As the muscle contracted, the tissue 
of the posterior part of the ciliary body 
and that of the choroid stretched forward ; 
but the anterior coronal region expanded 
backward (in all quadrants), with a nar- 
row neutral zone separating the anterior 
and posterior moving regions. In this 
intermediary zone some wrinkling gen- 
erally occurred, originating through the 
piling up of folds that formed on the 
anteriad-moving region, the crest of each 
fold reaching forward like a “breaker” 
coming up upon a beach (fig. 2). This 
wrinkling was at times so pronounced that 
the tissue of the adjacent anterior moving 
region was pushed forward, thus revers- 
ing its original backward movement. The 
same partial flattening described by Hen- 
sen and Voelckers? was observed, and 


and 5.0 mm. in two. In one dog a nasal 
meridian, compared with a temporal of 
the other eye, showed the neutral zone at 
the same distance, namely 4.0 mm. Corre- 
sponding measurements in six cats were: 
4.0 to 5.0 mm. in three eyes, 6.0 mm. in 
two eyes, and 7.0 mm. in one. 

Shifting the electrodes along a meridian 
to a distance of 12.0 mm. from the limbus, 
and/or rotating them 90 degrees, so that 
both were aligned meridionally, did not 
influence the backward movement. The 
threshold value of the stimulus, although, 
of course, variable from eye to eye, was 
always the same for the backward and 
forward movements of the anterior and 
posterior moving zones, respectively. An 
isolated backward movement, without a 
corresponding forward movement, was 
not observed. During prolonged experi- 
ments, where there was fading of the re- 
sponsivity, the backward movement dis- 
appeared first. As a rule the main (that is, 
the forward) movement was weak in all 
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‘nstances of absent backward movement. 
When during a prolonged faradic stimu- 
lation, the muscle relaxed, both backward 
and forward movements relaxed simul- 
taneously. 

In the dog the pupil contracts under 
local electrical stimulation, whereas in the 
cat it dilates (as reported first by Hess 
and Heine*®). Thus participation of the 
iris muscles in the production of the 
puzzling backward movement is unlikely. 
Again, although the cat has a vertical 
pupil, the backward movement of the an- 
terior ciliary body was the same in all 
quadrants. In order to rule out any influ- 
ence from the iris muscles, an incision 
10.0 mm. in length was made along the 
circumference of the iris root, separating 
it completely from the ciliary muscle. The 
backward movement remained unchanged. 
Finally, a meridional 5.0- by 10.0-mm. 
strip of the ciliary body and adjacent 
choroid was isolated, replaced on the 
vitreous, and stimulated. For 4.0 mm. 
from its anterior end (including the whit- 
ish area), the strip contracted toward 
the choroid, while the pigmented part 
contracted in its accustomed forward 
direction, leaving the usual neutral zone. 
In two other strips from different eyes, 
each 5.0 by 15.0 mm. in size and respec- 


TABLE 1 
SAMPLE EXPERIMENT ON DOG EYE 


Point Under 
Observation 
(Designated by Its 
Distance [in mm.] 
from Limbus) 


Direction— = Backward 
<=Forward 
and Extent of 
Movement of 
Observed Point 
(micra) 


— 70 
—140 
0 
—140 
—420 
—350 
<—210 
<—170 
30 


* * 


ODADAS 


* These points, rechecked 10 minutes later, 
gave the same values. 


TABLE 2 


EXTENT OF BACKWARD MOVEMENT; DOG 
(Horizontal lines separate individual eyes) 


Point Under i 
Observation 
( Designated by Point Under 
Its Distance Stimulation 
[in mm.] from (micra) 
Limbus) 
3.5 70 
4.5 140 
4.6 0 
1.0 90 
1.0 70 
2.0 0 
20 210 
30 140 
4.0 0 
2.0 70 
2.5 0 
2.0 152 
2.5 0 
3.0 304 
4.0 0 
3.0 152 
4.0 0 


* The choroids in these eyes were accidentally 
punctured at respectively 10.0 and 15.0 mm. be- 
hind the iimbus. 
tively nasal and temporal, the same reac- 
tions were clearly visible. Here the neutral 
zone was in the pigmented area. 

A special influence from the two-point 
electrodes was ruled out by applying ring 
electrodes to a cat eye, one around the 

equator and the other on the limbal circle. 
The backward movement took place as 
usual. 

The possibility that the separation of 
the ciliary body and choroid from the 
sclera had created an opportunity for un- 
usual movements was ruled out by the 
use of the pin method in the intact eye. 
Without exception these observations (all 
made through the microscope) were simi- 
lar to the following samples: In two cat 
eyes three pins were inserted through the 
sclera at distances of 2.0, 5.0, and 10.0 
mm. from the limbus. Under stimulation 
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the head end of pin “2” moved toward Measurements of the extent Of move. 
the cornea (indicating a movement of the ment. A typical experiment, in which the 
pointed end in the opposite direction), extent of both kinds of movement Was 
while pins “5” and “10” showed a move- mapped along a considerable portion of a 
ment of their head ends toward the optic meridian, is tabulated in table 1, 

nerve. In a representative experiment on The extent of the backward movement 
was measured in eight fresh dog eyes, and 


TABLE 3 
the results are given in table 2. 
EXTENT OF BACKWARD MOVEMENT; CAT 
(Horizontal lines separate individual eyes) The extent of the backward movement 
was measured also in three cat eyes, and 
Point Under Backward Shift the results are given in table 3. 
Observation of Observed 
(Designated by Its Point Under The extent of the main (that is, the for. 
ward) movement was measured in 25 
fresh dog eyes and 8 fresh cat eyes; the 
ye “— results are given in tables 4 and 5. Only 
those points were recorded for which at 
* least two determinations, on different 
eyes, were made. Usually each point was 
observed under repeated stimulations, and 
4.5 0 whenever the extent of movement was 


found to vary (as frequently occurred 
* This eye was refrigerated one hour; the y ( q ) 


others wane teath. only the maximal value was considered an 
. optimal reaction, and used in the table. 
a dog eye, the three pins were inserted The distribution of the extent of move- 


at 2.0, 7.0, and 15.0 mm. from the limbus. ment along a meridian was not the same 
Pins “2” and “7” moved in opposite direc- in all eyes. There were some which ex- 
tions; but in this instance pin “15” hap- hibited a definite maximum, like the sam- 
pened to remain motionless. ple shown in table 1. In other eyes, the 


TABLE 4 
EXTENT OF FORWARD MOVEMENT; DOG 


Number of tests (on differ- 3 2 3 18 3 6 4 2 18 2 6 
ent eyes) at the particular 
distance 


Distance (in mm.) of ob- | 3.0 | 4.0 | 4.5 | 5.0 | 5.5 | 6.0; 7.0 | 8.0 | 10.0 | 11.0 | 15.0 
served point from limbus 


Average of maximal move- | 109 | 193 | 193 | 300 | 279 | 279 | 315 | 210 | 287 222 162 
ments (in micra) 


TABLE 5 
EXTENT OF FORWARD MOVEMENT; CAT 
Number of tests (on different eyes) at the par- 2 3 3 5 3 7 2 3 
ticular distance 
Distance (in mm.) of observed point from | 5.0 | 5.5 | 6.0 | 7.0 | 9.0 | 10.0 | 12.0 | 15.0 
limbus 
Average of maximal movements (in micra) 140 | 303 | 327 | 224 | 233 | 235 245 | 142 


2 
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TABLE 6 
RATE OF MOVEMENT OF UVEAL POINTS; DOG 


Number of tests (on dif- | 5 2 1 1 
ferent eyes) at the par- 
ticular distance 


Distance (in mm.) of ob- | 5.0 | 6.0 | 6.5 | 7.0 
served point from limbus 


Time in sigma/micron 19 | 24 19 | 37 


1 1 1 2 1 1 1 


7.75| 8.0 | 9.5 | 10.0 12.0 | 15.0 


29 | 32 | 21 16 27 29 24 


extent of forward movement was quite 
uniform along the meridian with the ex- 
ception, of course, of the ‘immediate 
vicinity of the neutral zone and the ex- 
treme posterior region (15 to 18 mm. 
from the limbus), where no movement oc- 


curred. 


Temporal relations in the response. 
When the muscle was stimulated, its con- 
traction began with a principal, rapid 
phase and then slowed down. As has 
long been known, the muscle relaxes with 
great suddenness. This action is so quick 
that it cannot be timed by direct observa- 
tion. 

The actual measurements were re- 
stricted to determinations of the time, in 
seconds, necessary to complete a forward 
contraction. In seven dog eyes, the region 
between 5.0 and 10.0 mm. from the limbus 
was in contraction over a period averag- 
ing about 5 seconds. In five cat eyes, the 
equivalent time interval was around 3 
seconds. For better comparability of data 
the contraction-times were recomputed in 
sigma per micron of movement. When 
the same point was repeatedly stimulated, 


the reaction with the greatest extent of 
movement and/or the shortest contrac- 
tion-time was considered the best and was 
used in the final computation. The results 
for dog eyes are given in table 6, and 
those for cat eyes in table 7. 

In contrast to the situation with regard 
to the extent of movement, there was 
never any indication of a peak in speed 
along a meridian in either dog or cat 
eyes. 


Force of contraction. The force of the 
contraction* producing the main, forward 
movement was measured in 15 dog eyes 
(table 8) and 7 cat eyes (table 9). 

The tables show a wide variation of 
ciliary-muscle traction in different eyes, 
with a maximum of more than 200 mg. 
of pull (far beyond the limits of the pres- 
ent recording instrument). Averaging 
seemed not to be justified. 


Elastic resistance of choroid (ciliary 
muscle at rest). The effort of the ciliary 
muscle is largely exerted against the, 


* See last paragraph of Materials and Pro- 
cedure section. 


TABLE 7 
RATE OF MOVEMENT OF UVEAL POINTS; CAT 


Number of tests (on different | 2 1 2 
eyes) at the particular distance 


Distance (in mm.) of observed | 5.5 | 6.0 | 7.0 
point from limbus 


Time in sigma/micron 15 | 10 | 12 


4 1 4 1 1 1 1 


8.0 | 9.0 | 10.0 | 10.5 | 12.0 | 15.0 | 17.0 


10 | 14 13 9 
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TABLE 8 


BALANCING ELECTROMAGNETIC FORCE (IN MG.) REQUIRED TO IMMOBILIZE 
FORWARD MOVING POINTS; DOG 
(Horizontal lines separate individual eyes) 


Distance (in mm.) of attachment of ductor claw from limi; Meridian 

4.5 5.0 5.5 6.0 7.0 8.5 | 10.0 | 11.0 | 15.0 yy Doral 
sal) 

190 +15 200+15 | _|127+8 | T 
65+2 | 
9542.5 110+8 | 90+2.5 
105 +2.5 8542 | 
190 +15 /140+11 
153+11| >200 S200 
>200 —>200 | 

>200 | >200 115+8 | 115+8 | 

68 +2 N 

41+1 T 
_61+2 
73 +2 

105 +2.5 110+8 | N 
38+1 

3341 | | T 


Note: The + ranges of values in tables 8 to 12 indicate the limits of error in reading the ammeter 
and in manipulating the rheostat at the given point on the meter scale. 


TABLE 9 


BALANCING ELECTROMAGNETIC FORCE (IN MG.) REQUIRED TO IMMOBILIZE 
FORWARD-MOVING POINTS; CAT 
(Horizontal lines separate individual eyes) 


| "Meridien 
Distance (in mm.) of attachment of ductor claw from limbus (T =temporal, 
N =nasal) 
4.0 | 6.0 | 7.0 | 9.0 | 10.0 | 

| | | >200 | | T 
33+1 | 4542 | | 8342 | | T 
| 120+8 | | | | T 
81+2 | | | N 
| | 145411 | | | 
| | >200 | | >200 | T 
>200 | | >200 | | | T 
| | 120+8 | | | T 


resistance of the choroid, the force of ferential pull along a meridian was de- 
which has not hitherto been evaluated. termined in terms of the minimal force 
The resistance of the choroid toa circum- required to produce a microscopically 
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visible displacement. Six dog eyes and 
three cat eyes were used. The pull of the 
electromagnetic ductor increased 
either gradually, or by steps which pro- 
vided increments of sudden pull. The 
threshold pull appeared to be higher in 
connection with a gradual increase, which 
can probably be referred to the greater 
ease of recognizing sudden movements at 
the observer’s threshold of perception, 
rather than to a real difference in the 


TABLE 10 


FoRCE REQUIRED TO PRODUCE A PERCEPTIBLE 
DISPLACEMENT OF TEMPORAL UVEAL TISSUE 
TOWARD THE OPTIC NERVE IN UNSTIMU- 

LATED EYES; DOG 
(Horizontal lines separate individual eyes) 


Distance of 

Ductor Claw Ductor Effort 

from Limbus (mg.) 
(mm.) 

5.0 14+1 

11.0 17+1 
15.0 | 17+1 
15.0 | 23+1 
15.0 | i5+1 
17.5 2441 
18.5 | 33+1 
19.0 


elastic behavior of the choroid. The lower 
values of determined threshold were 
therefore considered more reliable (tables 
10 and 11). 


Elastic resistance of choroid (ciliary 
muscle stimulated). When the ciliary 
muscle contracts, an extensive anterior 
portion of the choroid is pulled forward 
and stretched. In order to ascertain any 
influence of this action upon the remain- 
der of the choroid (which does not par- 
ticipate in the forward shift), the same 
determination of minimal-displacement 
force that has been described was used, 
but during stimulation of the ciliary 
muscle. The results, on all but one of the 


TABLE 11 


FORCE REQUIRED TO PRODUCE A PERCEPTIBLE 
DISPLACEMENT OF TEMPORAL UVEAL TISSUE 
TOWARD THE OPTIC NERVE IN UNSTIMU- 
LATED EYES; CAT 
(Horizontal lines separate individual eyes) 


Distance of 
Ductor Claw Ductor Effort 
from Limbus (mg. ) 
(mm.) 
4.0 15+1 
7.0 <14 
6.0 24+1 
7.0 21+1 


same dog eyes described in table 10, are 
given in table 12, where it will be noted 
that no difference in the required force 
was observed. 


Effects of varying the intraocular pres- 
sure. The influence of accommodation 
upon the intraocular pressure was studied 
by Hess and Heine® in the dog and cat. 
The pressure was found not to change. 
However, the influence of intraocular 
pressure upon contraction of the ciliary 
muscle was not explored by these investi- 
gators, nor has it subsequently been in- 
vestigated by others. 


TABLE 12 


FORCE REQUIRED TO PRODUCE A PERCEPTIBLE 
DISPLACEMENT OF TEMPORAL UVEAL TISSUE 
TOWARD THE OPTIC NERVE IN EYES 
UNDER STIMULATION; DOG 
(Horizontal lines separate individual eyes) 


Distance of Ductor Effort (in mg.) 


Unstimulated 

rom (Data from | Stimulated: 
(mm. Table 10): 
15.0 } 1741 17+1 
15.0 | 2341 23+1 
5.0 | 1541 
17.5 24+1 
18.5 3341 
19.0 | 19+1 iS+1 
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Six cat eyes were exposed to various 
pressures,* and the effect of stimulation 
of the ciliary muscle was studied by 
means of the pin method. The results are 
given in table 13. The variability to be 
noted is intrinsic in the eye, not in the 
placement of the pins. 
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same order of magnitude, Certainly not 
greater. Any increase by local stimulation 
was antagonized to some extent by the 
retarding influence of the nonstimulated 
zones at either side of the moving sector. 
The conclusion to be drawn is that no 
abnormally strong effects resulted from 


TABLE 13 
INFLUENCE OF INTRAOCULAR PRESSURE ON THE CONTRACTION OF THE CILIARY MUSCLE; CAT 


Location of Pin Intraocular Excursion of 
Eye No. from Limbus Pressure Pinhead Remarks 
(mm.) (mm. Hg) (micra) 
1 7 22 532 Lens in sity 
43 532 
2 7 20 304 Luxated lens 
40 304 
20 304 
60 304 
3 7 28 228 Lens in situ 
80 152 
+ 7 38 228 Lens in situ 
56 228 
70 190 
5 8 17 456 Luxated lens 
38 114 
60 152 
11 152 
6 8 28 76 Lens in situ 
80 0 Ring electrodes 
16 76 in this instance, 
84 0 instead of points 
18 - 76 as in above 
DISCUSSION local stimulation as compared with gang- 


Direct stimulation versus indirect. 
There is some question as to the com- 
parability of local electrical stimulation 
of the ciliary muscle with stimulation by 
way of the ciliary ganglion. Hensen and 
Voelckers? mention a forward shift of the 
equatorial choroid, when the ganglion is 
stimulated, amounting to about 0.5 mm. 
The experiments with local stimulation 
reported here reveal movements of the 


* Whenever the pressure was brought to a 
lower value from a just previously studied 
higher one, a tonometric check was made to 
rule out clogging of the cannula with vitreous. 


lionic stimulation. 

A second question refers to the relative 
amounts of actually performed accom- 
modation under local and _ ganglionic 
stimulation. In five dogs under ganglionic 
stimulation Hess and Heine*® found in- 
creases of refraction (skiascopically) of 
0.5 to 1.0D., 1.5D., 2.0 to 2.5D., and 2.5 
to 3.0D., whereas in three (of the same?) 
animals under local stimulation the in- 
creases were 3.5D., 3.5D., and 2.5D., 
suggesting a considerably more intense 
effect of local stimulation upon accom- 
modation. This will bear further investi- 
gation. 
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The backward movement. The pres- 
ence of a backward movement of the an- 
terior coronal region was demonstrated 
to be a normal component of the ciliary- 
muscle contraction in both dogs and cats. 
Since it occurs in the intact eye, it can- 
not be viewed as an artifact due to sever- 
ing the connections between the sclera and 
the underlying ciliary body and choroid. 
This assumption is further supported by 
the fact that the backward movement 
never occurs alone, but is invariably 
accompanied by the main, forward, move- 
ment which may, however, be observed 
unaccompanied by backward movement. 
When, during a prolonged exposure, the 
responsivity of the preparation fades, the 
backward movement is the first to dis- 
appear. This observation, in connection 
with the fact that preparations with 
originally poor responsivity failed to show 
any backward movement, suggests that 
the presence of the backward movement 
depends upon a muscular reaction whose 
power is above a certain minimum. 

According to Troncoso® the ciliary 
muscle in the dog has a longitudinal bun- 
dle “. .. inserted anteriorly into the lateral 
insertion of the ciliary body into the 
sclera, at the apex of the sinus. Many of 
the fibers are continued forward by the 
cribriform ligament or meshwork tissue. 
...” According to this author, a second 
oblique set of fibers meets “. . . the inner 
ends of the fanlike pectinate fibers, which 
thus become the tendons of this oblique 
bundle.” The cat is described as having 
essentially the same features. 

It is widely assumed that the anterior 
end of the ciliary muscle is a motionless 
attachment. This idea could easily be 
reconciled with the movements observed 
if a substantial ring muscle existed; for 
this would account for a backward pulling 
of the tissue in front, a forward pulling 
of the tissue behind, and a neutral, slightly 
depressed zone between them. However, 


neither the cat nor the dog has a massive 
muscle of Miller with which to produce 
such mechanical effects. 

A solution of this difficulty may derive 
from a modification of the idea that the 
ciliary muscle has an anterior point of 
absolute fixation. If we compare the con- 
traction of the muscle in situ with that of 
an isolated strip (page 1281) we note that 
the muscle in situ behaves as much like the 
strip as if it were also isolated, and lacked 
fixation at either end. The folds that ap- 
pear in the neutral zone as a result of the 
muscle contraction, as well as the slight 
flattening of this area, may not occur in 
the intact eye because of a check-ligament 
action of the epichoroidal membranes. 
Since many of the longitudinal fibers ter- 
minate in the cribriform ligament, we 
only need assume a certain degree of 
ductility of this tissue. The ends of the 
muscle being attached to the elastic cho- 
roid and the ductile ligament, contraction 
is bound to produce two movements, to- 
ward each other and away from moving 
points of fixation. The position of these 
points depends upon the relative ductility 
of the two anchoring tissues. The back- 
ward movement ceases when the limits of 
ductility are reached; and it could not 
occur if either the tissue were unyielding 
or the muscle too weak. Thus, individual 
differences and differences between spe- 
cies as to the character of the tissues of 
the anterior segment probably determine 
the presence and extent of the backward 
movement. 

The role of the backward movement in 
accommodation is dubious. Any specula- 
tion is premature as long as the existence 
of the backward movement in the eyes 
of primates has not been demonstrated. 


Forward movement. The posterior zone 
of (forward) movement of the ciliary 
body and choroid along a meridian ex- 
tends from the neutral area to a point 
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far behind the equator. This has been 
demonstrated by the scleral-window meth- 
od, as well as by the pin method in 
intact eyes. From a comparison of points 
“5” and “10” (table 4) in the dog, the 
extent of movement (300 micra; 287 
micra) appears to be homogeneously dis- 
tributed, the difference of 13 micra being 
negligible. Around the anterior and 
posterior motionless zones the extent de- 
creases. In the cat experiments (table 5), 
which, however, did not cover so many 
eyes, a zone between points “5.5” and “6” 
exhibited a more extensive movement 
(303 micra; 327 micra) than that at 
points “7,” “9,” “10,” and “12” (224; 
233 ; 235; 245 micra). 

The time of contraction from start to 
finish was about 3 seconds in the cat 
eyes, which compares favorably with the 
speed of accommodation (2.8 seconds) 
measured in the enucleated eye of an 
adult cat by means of the Purkinje- 
Sanson images (see Kahmann).® In the 
present experiments on adult dogs, the 
time was about 5 seconds, which differs 
considerably from the speed of accom- 
modation (2.5 seconds) reported by Kah- 
mann for a young dog. 

As a comparison of the contraction- 
times in sigma per micron demonstrated 
(tables 6 and 7), the cat is faster than 
the dog. This feature fits into the general 
picture of the superior accommodation 
exhibited by the eye of the cat. 


Force of contraction. The useful me- 
chanical effect of the contraction of the 
ciliary muscle is the relaxation of the 
zonule.® The extent of this relaxation in 
dog and cat, which lack the muscle of 
Miller, is determined by the amount of 
forward movement of the posterior an- 
chorage of the zonule, which movement 
in turn is produced by the resultant of 
the force of contraction and the force of 
elastic choroidal resistance. In the experi- 
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ments described here only the circum. 
ferential component of pull was meas- 
ured. The maximal values of the force 
necessary to neutralize the muscle pull not 
infrequently exceeded 200 mg. It was not 
possible to refer this force to a definite 
cross-sectional area of the muscle, nor 
could the width of the claw (1.75 mm.) 
serve as a basis for a computation of 
the pull with which a unit strip was 
carried forward. Upon comparing the 
resistance of the choroid with the for. 
ward pull of the muscle, this could be 
said: The muscle force normally seemed 
to exceed by far the (initial) elastic 
resistance. The slowing down of the con- 
traction was apparently the result of an 
increase of this resistance. No definite 
claim for a superiority of the temporal 
sector over the nasal could be established, 

The experiments suggest that physio- 
logic and pathologic variation of the 
elastic resistance of the choroid may be 
one more factor contributing to accom- 
modation in addition to those already 
known; namely, the strength of the 
muscle, the influence of the zonule, the 
elasticity of the lens capsule, and the 


plasticity of the lens-body.*® 


The elasticity of the choroidal tissue 
might vary with the distension of its 
blood vessels, with exposure to long- 
maintained supernormal intraocular pres- 
sure, and probably with age. Other things 
being equal, accommodation will be the 
weaker the more rigid the choroid. 

The data in table 12 show that the 
tension in the choroid of the posterior 
part of the eye does not increase when 
the ciliary muscle contracts. 

It may not be premature to suggest a 
relationship between choroidal movement 
and detachment of the retina, which is 
more commonly found in the temporal 
quadrant. Here is the area of greater 
movement, since ‘he same percentage of 
contraction of t muscle im- 
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plies a larger absolute movement of the 
temporal choroid than of the nasal. 


Intraocular pressure. The eyes nos, 1, 
2, and 4 in table 13 demonstrate that 
raising the pressure to 60 mm. Hg does 
not diminish the extent of forward move- 
ment. In eye no. 4 the pressure of 70 mm. 
Hg may have indicated the beginning of 
a slight decrease. This decrease was 
definite at a pressure of 80 mm. Hg in 
eyes no. 3 and 6. In eye no, 5, the sudden 
drop in excursion after the first stimula- 
tion and the subsequent constancy pointed 
toa quick loss of responsivity rather than 
to an influence of pressure. 

The experiments suggest a decrease of 
ciliary-muscle efficiency if the intraocular 
pressure is raised beyond 70 mm. Hg in 
the cat. 


SUMMARY AND CONCLUSIONS 


1. A backward movement of the an- 
terior coronal region of the ciliary body 
was demonstrated to be a normal com- 
ponent of the ciliary-muscle contraction in 
both dogs and cats. A narrow neutral 
zone separated this backward-moving re- 
gion from the forward-moving tissue of 
the posterior part of the ciliary body and 
that of the choroid. 

2. The distance of the neutral zone 
from the limbus varied from 2.0 to 5.0 
mm. in 11 dogs, and from 4.0 to 7.0 mm. 
in 6 cats. 

3. The extent and distribution of the 
backward and the forward movement (in 


11 and 33 eyes, respectively) were meas- 
ured along a meridian. Some eyes showed 
a definite peak, while others exhibited a 
homogeneous distribution of movement. 

4. The contraction time in the dog was 
about 5 seconds as compared with 3 sec- 
onds in the cat (seven and five eyes, 
respectively ). 

5. The force of contraction producing 
the main (foreward) movement in a 
narrow (about 1.75-mm.) strip of uvea 
was balanced by a second force, of known 
magnitude in milligrams. A pull of more 
than 200 mg. (the maximum recordable 
by the instrument) was not infrequently 
found. 

6. No significant difference in force 
was found between the temporal and 
nasal sectors. 

7. The elastic resistance offered by a 
strip of choroid about 1.75 mm. wide to 
a minimally distortive longitudinal pull 
was measured in nine eyes and found to 
be 14.0 to 33.0 mg. in the dog and 14.0 
to 24.0 mg. in the cat. Measurements of 
the resistance in the posterior part of the 
choroid during stimulation of the ciliary 
muscle showed no change. 

8. The influence of the intraocular 
pressure on the contraction of the ciliary 
muscle was studied in six cat eyes. There 
was a definite impairment of muscle 
efficiency at 80 mm. Hg, while no in- 
fluence could be demonstrated between 
11 mm. and 60 mm. Hg. 

9. The significance of these findings is 
discussed. 
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DISCUSSION 


Dr. FREDERICK H. VERHOEFF (Boston, 
Mass.) : How about the question of sym- 
pathetic stimulation? Some muscles re- 
spond to sympathetic stimulation, and 
others respond to third-nerve stimulation. 
You get them both, don’t you, which con- 
fuses the results? 

Dr. Sacus: The stimulus was direct, 
applied to the muscle itself in the enu- 
cleated eye. 

Dr. VERHOEFF: That would take in all 
the muscles, then. I mean, suppose some 
muscles normally were stimulated by the 
sympathetic and others were stimulated 
by the third nerve, and in accommodation, 
only those by the third nerve. In your ex- 
periments you stimulate all of them at 
once? 

Dr. Sacus: Yes—all the muscle cells 
were stimulated. 

Dr. VERHOEFF: Of course, if that is 
true, then your results would be difficult 
of application to any theory of accommo- 
dation. 

Dr. SAcus: The same experiments 
have been performed by _ ganglionic 
stimulation. The first workers who ob- 
served this reaction used ganglionic 
stimulation. They never observed the 
backward movement. As far as I can see 
from their experiments, they put the pins 
just in the neutral zone, or the pins were 
at least not immediately behind the limbus 
in this region. Not all of the eyes in my 
experiments showed the backward move- 


ment, and they did not use very many 
eyes. 

Dr. VERHOEFF: You haven't tried 
stimulating the sympathetic nerves, 

Dr. Sacus: Not yet, but we will do so, 
The experiments certainly have to be per- 
formed also by way of ganglionic stimy- 
lation, which will be the next task. 

Dr. VERHOEFF: Do you think, in your 
study of the muscles, that there are two 
sets of fibers: fibers innervated only by 
the third nerve, and fibers innervated only 
by the sympathetic? Do you think that is 
so? 

Dr. Sacus: That is a very difficult 
question. Personally, I do not think so, | 
think that just as in the iris the sphincter 
is relaxed by some sympathicomimetic 
drugs which have a double action (a sym- 
pathetic action, with or without an ac- 
companying negative parasympathetic ac- 
tion, according to the tissue) the same 
takes place in the ciliary muscle. I have 
to confess that all pharmacologic experi- 
ments have failed completely. With the 
exception of nicotine, as far as I know, 
nobody has ever obtained any results by 
using drugs on the ciliary muscle. I don't 
know the reason. I dropped them on the 
surface, I injected them into the vitreous, 
and only once did I get a very, very slight 
contraction, which may have been due to 
the change in pH. None of the investiga- 
tors ever considered change of pH, that 
is, investigators of the last century. So, I 
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can’t say anything about drug stimulation, 
especially why drug stimulation fails ab- 
solutely on the exposed ciliary muscle— 
even the strongest drugs, even in potent 
combinations. 

Dr. VERHOEFF: It doesn’t make any 
difference on which side you apply it? 

Dr. Sacus: From the inside or the out- 
side, or injected into the vitreous imme- 
diately below, there was no reaction. The 
preparations were observed for 15 or 20 
minutes. By means of this chalk method 
I would have seen even very slight move- 
ments of 76 microns and less. 

Dr. Francis H. Avper (Philadelphia, 
Pa.) : Did you get any dilatation or con- 
traction of the pupil when you stimulated 
the ciliary region? 

Dr. SacHs: Very definitely: in cats, 
dilatation ; in dogs, contraction, They re- 
act oppositely. 

Dr. VERHOEFF: In round pupils have 
you found an exactly uniform reaction? 

Dr. Sacus: The stimulation is a local 
one, and the dog’s pupil always becomes 
oval shaped. 

Dr. VERHOEFF: Can you harmonize 
your results with the Helmholtz theory of 
accommodation ? 


Dr. Sacus: Yes, absolutely, I can, as 
soon as I assume that this backward 
movement has nothing to do with the re- 
laxation of the main zonule fibers. I can- 
not see any mechanical influence originat- 
ing from this backward movement. 

Dr. VeRHoEFF: If that is the only kind 
of movement you get, how do you get the 
zonule relaxed? 

Dr. Sacus: I don’t get only the back- 
ward movement. The backward move- 
ment extends over the coronal part of the 
ciliary body, then comes the neutral zone, 
and from there through the greater part 
of the ciliary body and the coronoid the 


‘tissue moves forward in the well-known 


way. I would assume, certainly, that that 
is the main working part of the uvea. So 
it doesn’t contradict Helmholtz’s relaxa- 
tion of the zonule fibers. Whether this 
backward movement influences most the 
posterior zonular fibers or those which 
travel away from the more anterior part 
of the ciliary body, I don’t know. It is 
hard to see through all the very compli- 
cated mechanical possibilities. I can’t tell 
anything about it, and until I can make 
observations on a primate, I don’t care to 
advance any theory. 


SULFADIAZINE IONTOPHORESIS IN PYOCYANEUS INFECTION 
OF RABBIT CORNEA* 


LUDWIG VON SALLMANN, M.D. 
New York, N.Y. 


The controversy over the therapeutic 
value of the local use of sulfonamides per 
se and in comparison with oral or intra- 
venous administration has not been settled 
in the various fields of medicine. In oph- 
thalmology, however, a consensus of opin- 
ion is developing which regards local 
treatment in the form of ointments, 
powders, and concentrated solutions as 
having a definite curative effect in a num- 
ber of infections of the adnexas of the 
eye, the conjunctiva, and cornea. Never- 
theless, the amounts of the newer and 
more potent sulfa drugs that may enter 
the eye by the usual local application 
must be considered as moderate in view of 
the results of determinations on animals. 
Several attempts have been made in the 
experimental field to introduce larger 
quantities of drugs:P’an' used greater 
amounts of powder (100 mg.) and 
clamped the lids for an hour ; and Robson 
and Tebrich? used a prolonged eye bath 
of a 30-percent solution of the sodium 
salt. Although the latter method fulfilled 
its purpose, it is not applicable for treat- 
ment of the human eye. 

A method that is applicable, however, 
is the old clinical procedure known under 
the inaccurate term of iontophoresis. 
Boyd® found that the amount of sulfa- 
thiazole introduced by the iontophoresis 
of its sodium salt into the cornea was 4 
times and in the aqueous 5 to 9 times that 
obtained by simple diffusion. 

Similar results were obtained in experi- 
mental studies, reported here, in which 
iontophoresis with the sodium salts of 


* From the Department of Ophthalmology of 
the College of Physicians and Surgeons, Co- 
lumbia University, and the Institute of Oph- 
thalmology, Presbyterian Hospital. Supported 
by the Knapp Memorial Foundation. 


sulfadiazine, sulfapyridine, and sulfaceta- 
mide was investigated. 


TECHNIQUE 


Experiments were carried out on rab- 
bits under general anesthesia (nembutal, 
with ether when necessary). The cathode 
in the form of the old Birkhauser elec- 
trode or a modified van Heuven tube was 
placed on the cornea, the rim fitting the 
limbus and filled with a 5-percent solution 
of the respective salts. The anode was 
held.on the shaven back of the rabbit's 
head; current from a dry-cell battery of 
45 volts and set for all experiments at 
2 milliamperes was applied for two and 
five minutes in different series. The con- 
trols consisted of simple corneal baths 
with the use of the same solution, tube, 
and application time. The amount of the 
sulfa drug in the aqueous and cornea, 
iris with ciliary body, and vitreous was 
determined by the method of Bratton 
and Marshall.* The cornea was ground 
according to the technique of Bellows 
and Chinn.’ The iris with ciliary body, 
which is easily separated at its insertion, 
was treated like the cornea. Vitreous pro- 
teins were precipitated with 10-percent 
trichloracetic acid and the supernatant 
fluid treated in the usual way. For these 
determinations the eyes were removed one 
hour after treatment, in contrast to the 
experiments of Luo and P’an,° Bellows 
and Chinn,’ P’an,* Robson and Tebrich,’ 
and others in which the determinations 
were made immediately after the removal 
of the drug from the conjunctival sac. 

Figure 1 shows that as was the case 
with sulfathiazole, iontophoresis produced 
a concentration that exceeded in all in- 
stances those of the controls. The content 
of the sulfa drugs in the cornea was 3 to 
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12 times greater, and in the aqueous 3 to 
15 times greater than that resulting from 
the diffusion experiments. The highest 
figures in this series were found in the 
case of iontophoresis with sodium sulfa- 
diazine and the lowest in that of sodium 
sulfapyridine. This observation is paral- 
leled by the degree of ionization of the 
sulfonamides at a physiologic pH accord- 
ing to the experiments of Fox and Rose.” 


sulfathiazole and other compounds, a 
vertical, superficial, suture line became 
visible in the lens after treatment and 
disappeared within 40 minutes. 

In another series of experiments to 
study the rate of depletion of sulfadiazine 
after a single iontophoretic application, 
determinations were made after 10 
minutes, 1 hour, 3 hours, and 5 hours. 
As illustrated in figure 3, the concentra- 


FORM OF | LenGTHOF | NuMBER OF M 
DruG ILLIGRAMS PER 100 CC. IN 
APPLICATION | APPLCATION | EYPERIMENTS CORNEA Aqueous ; CivarRy Bopy; ViTREOUS 
& | lorrtopHoresis 2 MIN. 4 54.40 15.98 2.35 0.45 
RY BaTH 2MinN. 4 13.8 3.4 1.4 TRACE 
JONTOPHORESIS| 5 MIN. 10 119.92 39.0 1.53 0.37 
BATH 5 MIN. 5 9.3 2.5) 1.74 TRACE 
JONTOPHORESIS | 2 30.8 15.85 6.94 TRACE 
BaTH 2 MIN. 0.48 2.8 3.26 | TRAE 
= |IONTOPHORESS| 5 MIN. 4 43.4 21.3 9.35 0.1 
> BATH SMIN. 2 8.7 4.58 TRAE | TRACE 
| 5 3 57. 23.99 8.8 TRACE 
3 BATH 5 Min. ! 15.6 2.03 | TRAE | NONE 
& 


Fig. 1 (v. Sallmann). Concentrations of sulfadiazine, sulfapyridine, and 
sulfacetamide one hour after a five-minute corneal application of a 5-percent 
solution of the sodium salt by (1) iontophoresis at 2 milliamperes and (2) 


by bath. 


In figure 2 the relatively low concentra- 
tions determined in the aqueous of rabbits 
immediately after continued treatment 
with powder for one hour and with oint- 
ment for six hours are compared with the 
levels one hour after treatment with ionto- 
phoresis at 2 milliamperes for 5 minutes 
with a 5-percent solution of the sodium 
salt. 

No damage was observed with the tech- 
nique used. After a 5-minute treatment 
the cornea did not show even a trace of a 
transient lesion of the epithelium when 
examined with a loupe or with a corneal 
microscope and slitlamp. This was true 
also of human eyes treated with a 5- 
percent solution of sodium sulfadiazine at 
2 milliamperes. As was previously re- 
ported to be the case when using sodium 


tion of 319 mg. per 100 c.c. in the cornea 
and 30 mg. percent in the aqueous from 
10 to 15 minutes after iontophoresis 
changed to an average of 119 and 35 mg. 
percent after 1 hour, 25 and 13. mg. per- 
cent after 3 hours, and 4.2 and 1.4 mg. 
percent after 5 hours. It is evident from 
the curve that the depletion is fairly pro- 
portional in the different parts deter- 
mined. 

The figures differed markedly when the 
cornea was ulcerated or extensively 
abraded, as figure 4 demonstrates. When 
the ulcerated cornea was not intensely 
vascularized, an average of four experi- 
ments showed, one hour after treatment, 
190 mg. percent sulfadiazine in the 
cornea, 94 mg. percent in the aqueous, 
37.9 mg. percent in the ciliary body, and 
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2.7 mg. percent in the vitreous—or almost 
two to three times more than was found 
when the cornea was normal. 

The results reported so far were ob- 
tained when the corneal route was used, 
which because of its lack of vessels, offers 
the most favorable condition for an in- 
crease of the concentration in the anterior 
segment of the eye. The level of concen- 
tration is low in the vitreous, however, 
and is probably insufficient even when 
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tailed description of the technique j, 
therefore omitted. 

Several conclusions of practical inter. 
est may be drawn from these experiments 
with the three newer sulfa drugs, First, 
it was demonstrated that greater amounts 
of these compounds can be introduced 
into the anterior segment of the eye py 
iontophoresis than by other clinical meth. 
ods reported so far. When sodium sulfa- 
diazine was used the level of the drug in 
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Fig. 2 (v. Sallmann). Comparative concentrations of sulfadrugs in the 
aqueous after application by various methods. 


the minimal bacteriostatic dose is consid- 
ered as less than 1 mg. percent. Two 
methods were used in attempts to raise 
the level in the vitreous and the anterior 
part of the uvea—first, by a tube designed 
for iontophoresis through the conjunctiva 
and sclera into the ciliary body, and sec- 
ond, by a transscleral application at the 
equator of the eyeball after exposing the 
surface of the sclera. The results en- 
countered up to the present are not prom- 
ising, since the figures do not exceed those 
when the corneal method was used. A de- 


the cornea and aqueous remained high for 
about four hours with approximately 
equal depletion in all parts. 

Second, the hydrogen-ion concentration 
(9.5 to 10.5) of the solutions of the 
sodium salts of sulfadiazine and sulfa- 
pyridine causes no noticeable damage to 
the cornea, presumably because of its high 
buffering capacity. Sodium sulfacetamide, 
which is almost neutral in a 5-percent 
solution, also did not affect the corneal 
transparency. 

Third, the amount of the sulfa drugs 
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penetrating into the vitreous by the 
corneal or two scleral routes is probably 
not sufficient to stop any serious infection 
of the posterior segment of the eye in 
view of the low concentrations and deple- 
tion within a few hours. 

It could not be decided a priori whether 
the high concentrations maintained for 
several hours after the application of 


gressive infiltration, ulceration, and 
necrosis, sometimes marked by the devel- 
opment of a ring abscess after 36 to 48 
hours have elapsed. No treatment had 
been found that could stop or avert the 
destruction of a great part of the cornea 
until Joy”® tried the effect of sulfapyridine 
feeding. He reported that the oral ad- 
ministration of heavy doses of sulfapyri- 
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Fig. 3 (v. Sallmann). Depletion of sulfadiazine after ionto- 
phoresis in normal rabbit corneas at 2 milliamperes for five 


minutes. 


iontophoresis were of advantage in the 
case of infections of the anterior part of 
the eye. A study of the effectiveness of 
this treatment was indicated and the pyo- 
cyaneus keratitis of the rabbit was 
selected as the test object. The course of 
this experimental infection is known from 
the studies of Axenfeld,* Lohlein,!” 
Safar,* Jackson and Hartman,'* and 
others. In the rabbit’s cornea a strongly 
virulent strain produces a rapidly pro- 


dine (1 gm. per kilogram on the first 
day) checked the infection or its progres- 
sion when prophylactic treatment was 
begun 24 hours prior to or at the time of 
inoculation. The results were good also 
when treatment was begun six hours after 
inoculation, but were not significant when 
18 hours had elapsed between the time of 
inoculation and the feeding. Joy’s results 
cannot be compared directly with those 
obtained with iontophoresis because of the 
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difference in the inoculation technique. 
Since the inception of the work presented 
here, two reports on the same subject 
have been published by Robson and 
They used instillations of a 
30-percent solution of sodium sulfaceta- 
mide 4 to 5 times daily. When the drops 
were instilled for the first time one hour 
after the inoculation with pyocyaneus, 
ulcerations were prevented in 11 out of 


zof- 
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Fig. 4 (v. Sallmann). Depletion of sulfadiazine after ionto- 
phoresis on ulcerated rabbit corneas at 2 milliamperes for 


five minutes. 


17 eyes. When the instillations were be- 
gun five hours after inoculation, ulcera- 
tions were prevented in 5 out of 12 eyes. 
The results were not significant when the 
first instillations were made after 12 
hours had elapsed. The experiments of 
Robson and Scott can be compared with 
those in the following group, since the 
technique of inoculation was similar: 


Technique 


With a 4-mm. trephine, a superficial 
ring mark was made in both corneas, 
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2 3 
HOURS AFTER IONTOPHORESIS 


which were under local anesthesia, The 
epithelium within the ring was scrape 
off and the completeness of the abrasion 
was controlled with fluorescein Staining. 
Macroscopically equal amounts of a 24. 
hour culture of a virulent pyocyaneoys 
strain were rubbed into the eroded are, 
for 40 seconds. In this way the infections 
were fairly well standardized and the pro. 
gression of the inflammation was generally 


typical enough for comparison in the same 
breed of rabbits (Chinchilla). 

The advisability of the combination of 
local with oral therapy was anticipated in 
view of the nature of the pyocyaneus in- 
fection of the cornea. Since sulfadiazine 
is less toxic in general administration, it 
was selected for treatment in preference 
to sulfapyridine and sulfacetamide; in 
addition it penetrates more readily into 
the eye by iontophoresis, and finally, ac- 
cording to Gallardo,’* it is somewhat more 
effective against pyocyaneus in vitro than 
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sulfapyridine. Sulfathiazole was not con- 
sidered, since it does not enter the eye in 
adequate concentrations from the blood 
stream. The new experiments made by 
Scheie and Leopold*® on cats show that 
the penetration of sulfathiazole from 
blood to aqueous is increased when the 
eyes are ulcerated. But even in the pres- 
ence of an acute ulcer, the penetration is 
less than that of sulfapyridine and sulfa- 
diazine in normal eyes. 

Treatment was started in a few rabbits 

after 8 hours, in the majority after 18 
hours, and in the rest after 24 to 30 hours. 
Generally, the inoculated area was faintly 
gray, and occasional dots of infiltration 
were seen at the border after 18 hours. 
After 24 hours the changes were similar, 
a slight increase in the opacity and in the 
number of infiltrations being observable ; 
or, in some instances, the infiltration and 
ulceration were more advanced and had 
progressed beyond the limits of the inocu- 
lated area. After 18 and 24 hours, histo- 
logic examination of the cornea sometimes 
showed the picture of a severe keratitis, 
leucocytes infiltrating the corneal stroma 
in the inoculated area in its entire thick- 
ness; in other eyes the infiltration was 
moderate. At this stage of the infection 
the invasiveness of the pycocyaneus bacilli 
was evidenced by their presence at points 
several millimeters beyond the border of 
the infiltration, occasionally reaching the 
limbus, lying between the stiperficial or 
deeper layers of the apparently normal 
parenchyma. After 18 hours the conjunc- 
tiva was swollen and hyperemic, there 
was a moderate amount of purulent dis- 
charge, and sometimes the lids were ad- 
herent. 

In most experiments the development 
of the lesion was identical in both eyes. 
When one eye represented a more ad- 
vanced stage of the keratitis, it was treated 
with sulfadiazine iontophoresis and the 
other eye was kept as the control. Both 
eyes received the same cleansing of the lid 
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border. In all experiments a current of 
two milliamperes and a warm 5-percent 
solution of sodium sulfadiazine were ap- 
plied. The length of application varied 
from five to two minutes and one or two 
treatments were given per day for one to 
five days. When general treatment was 
added, it consisted of the administration, 
by means of a stomach tube, of a sulfa- 
diazine suspension in doses of 200 to 250 
mg. per kilogram body weight per day 
for one to three days. 

Unless general anesthesia was given, 
local treatment was usually carried out 
with pontocaine, a derivative of p-Amino- 
benzoic acid, which, according to Woods” 
and to Keltch and his co-workers,”' has a 
strong antisulfapyridine and antisulfa- 
thiazole effect in vitro. The results when 
sulfadiazine iontophoresis was employed, 
however, showed no appreciable differ- 
ence, due to the use of pontocaine instead 
of a general anesthesia. 

In the first series of experiments the 
control eye remained untreated. In the 
second series the control eye was influ- 
enced by the feeding of sulfadiazine. In 
the third series the control eye was treated 
with sulfadiazine powder three times 
daily. In the fourth brief series ionto- 
phoresis with sodium sulfadiazine was 
compared to that with sodium sulfaceta- 
mide. In the second and third series the 
effect of oral administration was also 
studied. 


RESULTS 


In the first series of seven rabbits, 
treatment with iontophoresis 8 to 18 hours 
after inoculation was successful in check- 
ing the progress of the keratitis in more 
than half of the eyes. In the rest, progress 
was controlled only for one day and a 
turn for the worse occurred during the 
night between the second and third day. 

In the second series of nine rabbits 
when iontophoretic treatment, initiated 18 
hours after inoculation, was combined 
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with feeding, results were more satisfac- 
tory: Ulceration did not occur or the in- 
filtration did not spread beyond the inocu- 
lated area in eight out of nine locally 
treated eyes. The lesions usually healed 
within one or two weeks, leaving scars 
often visible only with focal illumination. 
The effect of feeding was noticeable by a 
definite improvement of the purulent con- 
junctivitis in both eyes ; but feeding alone 
could not block the extensive suppuration 
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cyaneus. It is evident from figure 5 tha 
the effectiveness of iontophoresis was 
generally superior to that of the powde 
when the stage of the inflammation was 
macroscopically similar in both eyes, But, 
when the eye to be treated iontophoreti. 
cally was in a more advanced stage of the 
infection, or when the iontophoretic treat. 
ments were reduced in number and treat. 
ment with the powder was substituted for 
them, the difference in the progress oj 


of the cornea, as the keratitis of the con- the infection was less impressive, A}. 
EXPERIMENTS] INOCULATION 0 + ++ one 
| lONTOPHORESIS 7 8-18 1 1 2° 3° 
§ | UNTREATED CONTROLS 5 8-18 3 1 1 1 
IONTOPHORESIS AND 0.2 g/K 
PER DAY FOR 1-3 DAYS PER 0S. 9 18 1 8 
& | 02 g/K PER DAY FOR I-3 
avs PER Os. 9 16 7 2 
[ONTOPHORESIS AND 0.2 q/k 
PER DAY FOR I-3 DAYS PER OS 12 24 - 2 5 5” 
i | WITH LOCAL POWDER APPLICATION 
ui | 02 PER DAY FOR I-3 DAYS 
APPUCATION 24 3 3 5 
O Experimental infection unchecked. 
+ Experimental infection temporarily checked. Hypopyon 
++ Experimental infection partially checked. No hypopyon 
+++ Experimental infection completely checked or not progressed 
‘beyond inoculated areas. 
* 1 case with infection primarily more progressed than control 
* * 2 cases with infection primarily more progressed than controls and 
1 case complicated by lid abscess. 


Fig. 5 (v. Sallmann). Results of treatment by iontophoresis alone and 
supplemented by feeding and local applications. 


trol eye proved. Kodaslides of both eyes 
taken at the same time after varying 
intervals illustrate the course of the infec- 
tion and the effect of the treatment. 

In the third series of 12 rabbits, the 
results of iontophoretic treatment with 
sodium sulfadiazine alone or combined 
with sulfadiazine administered orally was 
compared with those obtained from the 
administration of sulfadiazine powder 
into the lower fornix of the control eye 
three times daily in average doses of 25 
milligrams. The treatment started 24 to 
30 hours after inoculation with pyo- 


though, as a whole, local therapy with 
sulfadiazine powder was definitely less 
effective than that with iontophoresis, oc- 
casional results were surprisingly good. 
The last series of experiments consisted 
of a comparison of the therapeutic effects 
of sodium-sulfadiazine iontophoresis and 
of treatment with sodium sulfacetamide 
applied iontophoretically and by instilla- 
tion of a 30-percent solution. So far as 
can be decided from three preliminary 
experiments, a slight superiority of sodi- 
um sulfadiazine was suggested when the 
keratitis prior to treatment was equally 
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developed and treatment initiated 24 

hours after inoculation. 

In review of the second part of this 

study, the work of Joy and of Robson and 
Scott has shown that sulfa drugs given 
orally or applied locally almost always 
jailed to check the experimental pyo- 
cyaneus keratitis of rabbits when treat- 
ment was begun later than five or six 
hours after inoculation. In definite con- 
trast, the iontophoretic introduction of 
sulfadiazine succeeded in more than half 
of the cases when treatment started 8 to 
18 hours after inoculation. The combina- 
tion of iontophoretic treatment beginning 
18 hours after inoculation with feeding 
6 hours after iontophoresis increased the 
total successes to almost 90 percent, prob- 
ably because the oral administration of 
sulfadiazine partially bridged the gap fol- 
lowing its depletion. These results were 
not unexpected in view of the experi- 
ments of Feinstone and his co-workers”* 
on rabbits, which revealed that with the 
feeding of 250 mg. sulfadiazine per kilo- 
gram, a blood level of 15 to 23 mg. per- 
cent was still present after eight hours 
and in view of the experiments of Lieb- 
man and Newman?’ which further showed 
that the concentration of sulfadiazine in 
the aqueous is 55 percent of that in the 
blood. In ulcerated eyes in which there is 
a secondary iritis the percentage will be 
still greater because of the shift in the 
blood-aqueous ratio in the presence of 
severe ocular inflammations and other 
conditions characterized by hyperemia of 
iris and ciliary body. 

The dose of 200 to 250 milligrams 
sulfadiazine per kilogram body weight 
per day is about 70 percent greater than 
the initial dose given in human therapy. 
The dose of one gram per kilogram of 
sulfapyridine on the first day and the 
lower dose on the following days as ad- 
ministered by Joy lies beyond the limit of 
safety for human beings. 

Even if the amount of sulfadiazine in- 
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troduced into the anterior segment by the 
local use of powder is low, a depot of the 
powder sometimes remains overnight in 
the conjunctival sac as a valuable source 
of supply in support of the treatment. The 
results of the experiments with treatment 
24 to 30 hours after inoculation favor a 
combination of iontophoresis and locally 
applied powder, especially at night, to- 
gether with oral administration. 

It is not the purpose of this paper to 
discuss clinical observations, but two 
cases of advanced pyocyaneus ulcers 
treated by the described combined method 
at the Institute of Ophthalmology sug- 
gest the useful applicability of this thera- 
peutic scheme. In both instances a large 
ulcer measuring 7 to 9 mm. in diameter 
covered the central area of the cornea. 
The seriousness of the infection was in- 
dicated by an iritis with high hypopyon, 
extensive lid edema, and chemosis. The 
unquestionable improvement on the day 
following the first treatment in one case 
and on the second day in the other as well 
as the good final results can safely be 
considered as due to the treatment. 


SUMMARY 


1. In experiments on rabbits the ionto- 
phoretic administration of the sodium 
salts of sulfapyridine, sulfadiazine, and 
sulfacetamide achieved higher concentra- 
tions in the anterior segment of the eye 
than did other clinical methods. 

2. With iontophoresis, sulfadiazine en- 
ters the eye in greater amounts than the 
other sulfa drugs studied. It remains in 
the anterior parts of the eye for four 
hours in a bacteriostatic concentration. In 
the presence of an ulcer or an abrasion of 
the cornea, still greater amounts are 
found, 

3. Sodium sulfadiazine applied ionto- 
phoretically to the pyocyaneus infection 
of the rabbit cornea gave results superior 
to those obtained with other local methods 
and with general treatment. 
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4. The percentage of good results was 6. The results with the combined trea. 
further increased by the combination of ment on two patients suffering from aq. 
iontophoresis with oral administration of _ vanced pyocyaneus ulcers of the Cornea 
sulfadiazine when treatment was initiated confirm the experimental findings, 

18 hours after inoculation with pyo- 


cyaneus. Feeding alone did not prevent We are indebted to Schering and Com. 
the extensive ulceration of the cornea. pany for the supply of sodium sulamyq 

5. The most favorable treatment of (sodium sulfacetamide). 
pyocyaneus keratitis of rabbits, 24 to 30 I wish to express my appreciation ang 


hours after inoculation, was a combina-_ my thanks to Miss J. Di Grandi for he, 
tion of sodium sulfadiazine introduced able assistance throughout this study, 
iontophoretically and sulfadiazine powder 630 West One Hundred Sixty-eight) 


given locally and orally. Street. 
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AQUEOUS VEINS 


II. LocAL PHARMACOLOGIC EFFECTS ON AQUEOUS VEINS 
III. GLAUCOMA AND AQUEOUS VEINS 


K. W. ASCHER 


Cincinnati 


In the foregoing issue biomicroscopically visible pathways of blood-vessellike appearance, 
containing a clear colorless fluid or diluted blood have been described. They are intercalated, 
probably via Schlemm’s canal, between intraocular fluid on one side, and conjunctival and sub- 
conjunctival veins on the other. Anatomically, they are connected with, or a part of, the intra- 


scleral meshwork. 


The occurrence, the appearance, and the reaction to mechanical and to physiologic factors 
have been described. Particular attention was directed to the stratification repeatedly observed 
in aqueous veins. It is due to the simultaneous presence of two or more strata differing in red- 
cell content and most certainly also in chemical composition. The aqueous veins contain aqueous 


humor mixed, in varying ratios, with blood. 


The question arose whether drugs 
would influence the content of the aque- 
ous veins. This could be of interest for 
more than one reason. 

First, a possible influence of certain 
drugs on fluid elimination was to be as- 
certained. Then, it appeared to be neces- 
sary to investigate whether anesthetics 
might change the function of an aqueous 
vein when applied locally before the per- 
formance of certain compression experi- 
ments. Moreover, the influence of phar- 
macologic miosis and mydriasis was to be 
studied. 

The object of the experiments to be 
discussed here was to obtain a general 
survey, and no claim is made to a com- 
plete pharmacologic analysis. 


PARASYMPATHOMIMETICS 


Thirty-six experiments were  per- 
formed with the instillation of solutions 
of nitrate of pilocarpine and of salicylate 
of eserine. The pilocarpine solution used 
was 2 percent while the eserine solutions 
were 0.25, 0.5, and 1 percent, respectively. 
In these experiments no attention was 
paid to the osmotic pressure nor to the 
hydrogen-ion concentration of the col- 
lyria, 

These observations pertain to normal 
eyes or at least to eyes with a normal an- 


terior segment and with normal intra- 
ocular pressure, 

The effect of pilocarpine and eserine on 
conjunctival vessels is supposed to be a 
constriction of short duration followed 
by dilatation (Zeller, Rollin), the mechan- 
ics being different for each drug 
(Clarke***). On aqueous veins of normal 
eyes the following effects were noted 
after the instillation of 1 to 2 drops of the 
solutions : 

1. An increase of red blood corpuscles 
in the aqueous veins and in the recipient 
vessels, lasting a few seconds or maximal- 
ly, two minutes after the instillation. It 
was followed by 

2. A depletion of red blood cells in the 
aqueous veins and sometimes in the re- 
cipient vessels lasting from 20 to 100 
minutes after pilocarpine instillation and 
up to six hours after the use of eserine in 
1 percent concentration (figs. 16, 17). 

3. An initial contraction of short dura- 
tion followed by dilatation of superficially 
situated aqueous veins was noticed in 
some of the eyes treated with the 1-per- 
cent eserine solution. 

4. In some cases coincident with the 
diminution of the red-cell content, an 
acceleration of the flow in the aqueous 
veins was observed. 

5. In three experiments, the glass-rod 
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phenomenon could be induced in eyes 
that did not show the phenomenon before 
the instillation. The drops used in these 
cases were 2-percent pilocarpine solution 
and l-percent eserine solution and 0.5- 
percent eserine solution. 

6. In one experiment, a pulsating trans- 
verse border line that was present be- 
tween watery and sanguineous phases in 
an aqueous vein disappeared for at least 
20 minutes after instillation of 2-percent 


current was definitely visible as flowing 
from the emissarium towards the tempo- 
ral angle of the lids. About two hours lat. 
er, the clear current slowed down and 
red blood cells were seen entering the ves. 
sel in the direction from the temporal an- 
gle towards the emissarium. Three hours 
after the appearance of the clear efferent 
stream, the whole vessel again contained 
blood, the direction of whose current was 
no longer discernible. 


Fig. 16 (Ascher). Influence of pilocarpine on an aqueous vein. a, Immediately after instillation 
of pilocarpine, the aqueous vein contained more red cells than before. b, Twenty minutes after 
pilocarpine administration, the aqueous vein was entirely clear. In the recipient vein, more clear 
fluid was present and the stream of red cells was narrower. c, Thirty minutes after pilocarpine 
administration, even more clear fluid was present in the recipient vessel and fewer red cells than 
10 minutes earlier; 150 minutes after instillation, the original distribution as shown in figure 1 of 
this paper was restored. The U-like arch was of the same caliber during the entire period of 


observation. 


pilocarpine solution. The whole vessel be- 
came limpid. 

7. In five experiments, after instilla- 
tion of 2-percent pilocarpine solution or 
l1-percent eserine solution, a very impor- 
tant observation was made; namely, a 
change in the direction of flow occurring 
four times in venous tributaries emptying 
into the aqueous vein and once in a vessel 
which, before the experiment, had not 
been recognized as an aqueous vein. 

In the latter case, a vessel with indis- 
cernible direction of flow entered, or 
emerged from, an emissarium situated 
about 3 mm. from the temporal upper 
limbus. About two hours after instillation 
of 1-percent eserine solution, intermittent 
waves of clear fluid passed through this 
vessel and became more and more fre- 
quent up to the entire disappearance of 
red cells from the vessel. At this time, the 


The other four cases showed, at an 
interval of 45 minutes up to two hours 
after the instillation of pilocarpine or 
eserine (1l-percent solution), a transient 
functional change of an afferent san- 
guineous tributary to an efferent outlet 
containing limpid fluid. This change of 
direction of flow lasted for one or more 
hours and was, in two of these cases, co- 
incident with the appearance of a glass- 
rod phenomenon that had been absent be- 
fore the administration of the drug. 

Reviewing the seven changes observed 
after instillation of pilocarpine and eser- 
ine, I prefer to refrain from a premature 
explanation and shall restrict the discus- 
sion to what may obviously be concluded. 

It is not clear whether the increase in 
red cells observed immediately after the 
instillation is to be considered as a specific 
action of the drugs administered. It may 
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AQUEOUS VEINS 


Fig. 17 (Ascher). Early changes in an aqueous vein after 
pilocarpine administration. Albert M., white, aged 19 years. 
Right eye: nasal upper limbus. a, An aqueous vein emerges 
from the deeper tissue; below the junction, the recipient vein 
shows stratification. b, 9:00 a.m, One drop of 2-percent pilo- 
carpine solution was administered. Immediately, the aqueous 
yein became filled with red blood cells and the stratifica- 
tion in the recipient vessel disappeared. One minute after 
instillation, clearing started in the aqueous vein. c, 9:02 
am, In the recipient vessel, stratification was again visible. d, 
9:03 am. The aqueous vein was as clear as before the in- 
stillation. e, 9:05 a.m. The aqueous vein and the corresponding 
aqueous phase in the recipient vessel were considerably clearer 
than before the instillation. This limpid appearance was main- 
tained for another 70 minutes. 


be produced as well by many other factors, some of 
which have been mentioned. 

The depletion of red cells following the initial in- 
crease occurred so regularly in these éxperiments that 
it seems justified to consider it as a typical effect of 
these drugs. 

The dilatation of the aqueous veins, the acceleration 
of the current, the appearance of a glass-rod phenome- 
non which had not been present before the instillation, 
the repulsion of a pulsating border line from the vessel, 
and the reversal of the flow in a direction corresponding 
to that of the outgoing clear fluid, all these changes may 
be interpreted by one hypothesis, assuming that pilo- 
carpine and eserine, in suitable concentration, increase 
the outflow of clear fluid from the normal human eye. 


Extensive speculation might arise about 
the mechanism of this action. I feel, how- 
ever, that the important fact should be 
mentioned and explanation should be de- 
layed until further experimental analysis 
can be obtained. At present it is obvious 
that pilocarpine and eserine increase the 
amount of fluid leaving the canal of 
Schlemm by producing a higher intra- 
vascular pressure in the aqueous veins. 
Whether the dilatation is a primary one 
due to the influence of the drug on the 
vessel wall, or whether it is the result of 
the increased pressure in the aqueous vein 
cannot now be decided. The fact that 
regular conjunctival vessels show dilata- 
tion also, points to an independent vascu- 
lar action. The other observations, how- 
ever, especially the provocation of the 


glass-rod phenomenon, the repulsion of a 
pulsating border line, and the reversed di- 
rection in formerly afferent vessels sug- 
gest the presence of a higher pressure of 
the watery phase as compared to the 
sanguineous phase in the intrascleral 
meshwork after administration of these 
parasympathomimetic drugs. 

The question may arise in which direc- 
tion the fluid will finally be led that enters 
the formerly afferent tributaries of an 
aqueous vein in the reversed direction. 
Due to the numerous anastomoses present 
in the perilimbal meshwork, it will ul- 
timately reach a vein the pressure of 
which is not so high as that in the aque- 
ous vein from which the efferent flow 
derived, This change in the direction is 
sometimes seen to occur spontaneously ; 
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that is, without a known cause. In these 
cases as well as in those provoked by ad- 
ministration of drugs, the emptying of 
the newly formed outlet can be ob- 
served, It is, so to speak, spread over a 
larger vascular area of the enlarged 
amount of outflowing fluid. A similar ap- 
pearance may be observed in cases of a 


In five cases, one or two drops of hydro- 
chloride of adrenalin (1:1,000) were in. 
stilled and, a few seconds afterward, an 
emptying of red blood cells from the 
aqueous veins was observed (fig. 18), ]t 
took from 50 minues to two hours before 
the aqueous vein was filled to its original 
state. The glass-rod phenomenon, if pres. 


TABLE 5 
INFLUENCE OF ESERINE ON THE RED-CELL CONTENT IN AQUEOUS VEINS 


(The glass-rod phenomenon, absent before instillation, became producible. The blood in a venoys 
tributary yielded to clear fluid running in a direction opposite to that observed before the instillation 
The output of fluid free of red cells was increased.) ; 
Joe H., white, aged 35 years, July 16, 1941. 


Right eye: The upper two thirds of the aqueous vein was free of red cells, which were 
visible only in the lower third. Glass-rod phenomenon, in repeated experiments, was not 
producible. There was a rapid current in a venous tributary emptying opposite the junc. 


One drop of salicylate of eserine (0.5-percent solution) was instilled into the right con- 
Very few corpuscles were visible in the aqueous vein. The cell content in the recipient vein 
Pupil narrow. A transient glass-rod phenomenon was producible. In the recipient vein, 


In the aqueous vein, a few red cells were rapidly running along the vessel walls. In the 
recipient vein, the upper half was still free of red cells. The tributary contained very few 


The aqueous vein was practically free of red cells. In the recipient vein they were now 
restricted to the lower third. The tributary was practically free of red cells, the direction 


Aqueous vein unchanged. In the recipient vein, red cells again filled the lower half. The 
tributary again contained red cells, now running in the original direction. A transient 


9:00 a.m. 
tion of the aqueous vein with the recipient vessel. 
9:10 No change. 
9:20 
junctival cul-de-sac. 
Some seconds later, the aqueous vein was full of red blood cells. 
9:22 
was reduced, the current very rapid. The current in the tributary became slower. 
9:30 Pupil not yet contracted. Glass-rod phenomenon not producible. 
10:25 
the upper half was free of red cells. Current in the tributary was reversed. 
10:50 Same. 
11:25 
red cells, its direction of flow was still reversed. 
12:00 
of flow was still reversed. 
2:00 p.m. 
glass-rod phenomenon was producible. 
2:30, 3:00, 3:30 No change. 
4:00 


The aqueous vein again contained red cells although only in its lowest fourth. The re- 
cipient vein had the same appearance as at 2:00 o’clock. This was true also of the tribu- 


tary. The glass-rod phenomenon was easily producible but fleetingly. 


very extensive glass-rod phenomenon 
when clear fluid enters adjacent sections 
of the perilimbal meshwork. 

The above table describes one of the 36 
experiments with instillation of parasym- 
pathomimetic drugs. 

It is interesting that in experiments on 
dogs, eserine when given retrobulbarly 
(Bellows and Chinn**) produced an in- 
creased flow of aqueous. 


SYMPATHOMIMETIC AND PARASYMPATHO- 
INHIBITORY DRUGS 


Twenty-two experiments were made 
with adrenalin, cocaine, and homatropine. 


ent before the instillation, was also pro- 
ducible after it; if not producible before, 
it could not be provoked by the instilla- 
tion. 

Whereas the conjunctival vessels con- 
tracted after adrenalin administration, 
aqueous veins that were imbedded in 
firmer tissue showed no change in caliber 
but lost their red cells as completely as 
did the regular vessels. 

In two of the five eyes observed, pul- 
sating border lines were seen in recipient 
vessels of aqueous veins at places where, 
before the instillation, a continuous or a 
stratified current had been visible. 
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The increase of red cells started 5, 10, 
or 20 minutes after the instillation; usu- 
ally, however, before the pupil showed 
dilatation. 

In one case, a glass-rod phenomenon, 
producible before the instillation, failed 
to appear 25 minutes after administration 
of homatropine. Reduction of the red-cell 
content in aqueous veins was not observed 


The effect on five eyes of instilling a 
3-percent solution of hydrochloride of 
cocaine was observed. This drug also 
caused a depletion of red blood corpuscles 
in aqueous veins as well as in their re- 
cipient vessels. The reduction of the red- 
blood-cell content started a few seconds 
after the instillation and lasted from one 
to three hours. Changes in the glass-rod 
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Figs. 18 and 19 (Ascher). Opposite effect of adrenalin and of homatropine, respectively, on the 
red-corpuscle content of aqueous veins. 

Fig. 18. Ruby T., white, aged 25 years. Right eye: Near the nasal limbus, an aqueous vein 
emerged from the deeper tissue to join its recipient vessel which itself contained considerably 
diluted blood due to the entrance, more above, of another aqueous vein. a, Some seconds after 
adrenalin instillation, the red-cell content of both aqueous vein and recipient vessel was reduced. 
b, One hour later, the vessels were narrower. The aqueous vein was entirely free of red corpuscles 
and the recipient vein showed markedly fewer red cells than before instillation took place. 

Fig. 19. This sketch shows a part of the vessels as shown in figure 10. 9:40 a.m. One drop 
of 2-percent homatropine solution was instilled. a, 9:41 a.m. The aqueous vein was filled with red 
blood corpuscles and no more stratification was visible in the recipient vessel. b, 10:00 a.m. The 
red-blood-cell content of the aqueous vein was still considerably higher than before the instillation 
but lower than 20 minutes earlier. In the horizontal vein the stratification was again present. c, 
11:40 a.m. The red-cell content in the aqueous vein was lower than at 10 o'clock, but still definitely 
higher than before the instillation. Compare the corresponding junction in figure 10. 


in any of the homatropine experiments. 

The action on aqueous veins of three 
drugs having a mydriatic effect on the 
human pupil was not found to be uni- 
form. 


phenomenon or in the direction of flow 
were not observed. 

Rather the opposite effect was observed 
in 10 of the 12 experiments upon instilla- 
tion of a 2-percent solution of sulfate of 


homatropine (fig. 19). In 10 eyes, the 
aqueous veins had a higher red cell con- 
tent for a period lasting from 20 minutes 
to 3%4 hours. In two eyes, no definite 
change could be observed during a period 
of 20 and 30 minutes, respectively. 


Whereas adrenalin and cocaine reduced 
the red-cell content in the aqueous veins, 
thus paralleling their effect upon regular 
conjunctival vessels, homatropine tended 
to increase the amount of red cells in 
aqueous veins. Simultaneously, a relative 
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increase of the pressure of the venous 
blood seemed to be produced, at least in 
some cases, aS was indicated by the dis- 
appearance of a glass-rod phenomenon 
which had been producible before the in- 
stillation. On the other hand, after ad- 


ministration of adrenalin and cocaine, 
there were no signs of an increased pres- 
sure of the outflowing aqueous phase. A 
coincidence between the mydriasis and 
the increase of red cells in aqueous veins 
apparently was not present. This seems to 
accord with the facts described by numer- 
ous authors—for example, by Puscariu, 
Cerchez and Nitzulescu,** by de Sanc- 
tis, and by Clarke®**—with respect to 
the independence in time of action of dif- 
ferent drugs on the pupil and on the 
intraocular pressure. 

The emptying of the aqueous veins of 
red cells after instillation of adrenalin or 
cocaine does not seem surprising. The 
rapidity, however, of the phenomenon is 
startling when we consider that at least a 
part of the red cells contained in the aque- 
ous veins was added to their content in 
the depth of the tissues. 

In the experiments on dogs by Bellows 
and Chinn, retrobulbar injection of epi- 
nephrine hydrochloride inhibited the flow 
of aqueous humor. This observation par- 
allels the disappearance of the glass-rod 
phenomenon mentioned above. 

The opposite effect on the red-cell con- 
tent of aqueous veins observed after ad- 
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ministration of homatropine, and of 
pilocarpine, respectively, is of interes 
with regard to the opposite pharmacologic 
classification of both drugs, the first cays. 
ing inhibition, and the second irritation, 
of the parasympathetic elements, 


Fig. 20 (Ascher). Dionin instillation produces influx of req. 
blood corpuscles into an aqueous vein, reversing the original 
flow of fluid (the same aqueous vein as is shown in fig, 18) 
Some seconds after instillation of 1-percent dionin solution, an 
enormous influx of red cells was observed. The aqueous vein 
was filled with erythrocytes, moving in a direction opposite to 
the original flow (note arrows). This was followed by con- 
junctival edema, and the vessels showed larger diameters than 
before the instillation. 


It should be mentioned that this oppo- 
site effect is paralleled by an opposite 
effect of both homatropine and pilocarpine 
on glaucomatous eyes and by a similar 
contradictory action on aqueous veins and 
on intraocular pressure, by darkness and 
illumination, respectively. 


OTHER DRUGS 


Dionin was administered in concentra- 
tions of 1 and 2 percent. The first five 
experiments gave uniform results in eyes 
of patients whose ages ranged between 
25 and 61 years. 

Some seconds after the instillation, an 
enormous increase of the red-cell content 
of the aqueous veins began at a. time 
when the experimental dionin edema was 
not yet obvious. There was no iurther 
color difference between aqueous veins 
and the regular conjunctival veins. No 
stratification was visible (fig. 20). The in- 
crease of the red-cell content lasted one or 
two hours. In one case, however, in which 
a vigorous glass-rod phenomenon was 
manifest before the instillation of dionin, 
the aqueous vein, one hour after the in- 
stillation, was as clear as before the ex- 
periment. In another case, an aqueous 
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Fig. 21 (Ascher). Butyn increases the red-corpuscle content 
of as well as the force of the flow in the aqueous vein (this sketch 
eres, shows a part of the vessels presented in fig. 12). a, Before in- 
logic stillation, two tributaries brought narrow red lines of blood 
: cells into the aqueous vein which was practically free of cells 
—_ itself. b, One minute after butyn instillation, all three vessels 
tion, showed a somewhat larger diameter. In the aqueous vein, rapidly 
running red cells were visible. c, Fifty-five minutes after in- 
stillation, the lower tributary was filled with fluid of the same 
pale color as that of the aqueous vein. The direction of the 
stream in this section of the vessel was opposite to the original 
F red direction; 85 minutes after the instillation, all three vessels 
iginal again looked as they did before the experiment, compare figure 
18), 12. 
m, an 
Vel 
te . vein that never showed a positive glass-rod phenome- 
or non, was still markedly filled with red cells as late as 
than four hours after the instillation. 
These observations indicate that the increase of red 
cells observed after dionin instillation is not to be ex- 
plained by a possible strangulation of the efferent ves- 
_ sels by edema. Furthermore, there seems Immediately after instillation, an in- 
site to be a difference in the reaction of aque- flux of red blood cells into the aqueous 
_ ous veins with and of those without the veins was observed in all 10 experiments. 
ular glass-rod phenomenon. Where before ad- After pontocaine instillation the filling 
and ministration of dionin a glass-rod phe- with red cells lasted 15 to 90 minutes ; and 
and nomenon was present there apparently after butyn instillation 25 to 70 minutes. 
was a more rapid return of the aqueous’ As in other experiments the increase was 
vein to its former limpid state. This ob- a rapid one, and the decrease was gradual. 
servation confirms the hypothesis that the The filling with red cells was not so 
tra- presence of a glass-rod phenomenon is intensive as it was after the administra- 
five the expression of a more vigorous stream tion of dionin. The glass-rod phenome- 
a of fluid leaving the intrascleral mesh- non that was not producible after dionin 
can work. Thus, the red cells will be expelled _ instillation, could be demonstrated in one 
earlier from an aqueous vein with a def- case 10 minutes after instillation of 
= inite glass-rod phenomenon than from an butyn. In one case after butyn instilla- 
ent aqueous vein without the glass-rod phe- tion a venous tributary of an aqueous 
ime nomenon; in other words, an aqueous vein showed a reversed flow for 55 min- 
a vein with a lower pressure gradient. utes; 85 minutes after butyn instillation, 
her In order to determine whether the us- when the aqueous vein was again as clear 
ums ual surface anesthetics will induce changes as before the experiment, the flow in this 
No in aqueous veins, especially when admin- tributary had resumed its former direc- 
= istered before compression of a certain tion (fig. 21). 
= spot on the conjunctiva, 10 experiments The observations, made on aqueous 
ich with pontocaine hydrochloride in a 0.5- veins after administration of butyn and 
- percent concentration, and butyn sulfate of pontocaine, which supposedly are 
>; in a l-percent concentration, were pre- among the most inoffensive of local anes- 
ni viously carried out. Normal eyes or at thetics, will warn us to interpret cau- 
- least eyes with a normal anterior segment tiously compression experiments per- 
oe were used. formed after their instillation. 
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Butyn seems to increase the outflow 
of aqueous fluid as shown by the provoca- 
tion of a glass-rod phenomenon in eyes 
which did not have it before its adminis- 
tration, and by the reversal of flow in 
a tributary which, before instillation, 
brought blood into that aqueous vein but, 
after butyn instillation, became an outlet 
of the clear fluid. 


REVIEW OF PHARMACOLOGIC EFFECTS 
ON AQUEOUS VEINS 


Since there are so many variables 
which in part have a similar action, and 
in part exercise the opposite effect on 
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tion whereas that observed after the aq. 
ministration of eserine or of Pilocarpine 
develops more slowly, and usually after 
a short increase. 

Expansion of iris tissue occurs with 
but is not a condition of, the red-blood. 
cell reduction in aqueous veins after jp. 
stillation of eserine or pilocarpine., Neither 
is contraction of iris tissue a cause, at 
least not the only one, of the increased 
red-cell content in aqueous veins, Tenta- 
tively, it could be assumed that expan. 
sion of iris tissue might increase the vas- 
cular capacity of this organ so that blood 
could be drawn into it out of the sur- 


Drugs Enhancing the 
Outflow of Aqueous Humor 


Drugs Decreasing the 
Red-cell Content 


| Drugs Increasing the 
Red-cell Content 


Eserine 
Adrenalin 


Eserine 


Pilocarpine 
Butyn 


Homatropine 
Butyn 


Pilocarpine 


Cocaine Dionin 


the aqueous veins, considerable caution is 
necessary in making observation and even 
more in drawing conclusions with regard 
to individual factors. 

At first glance, an antagonism is ob- 
vious in the effect on the blood content 
and the clear-fluid content in the aqueous 
veins. Eserine and pilocarpine apparently 
enhance the outflow of aqueous humor 
and decrease the red-cell content while 
homatropine increases the latter. Wheth- 
er it depresses the fluid elimination has 
not yet been stated. In the case of butyn, 
however, both apparently opposite effects 
are observed. Butyn furthers the outflow 
of aqueous humor but simultaneously in- 
creases the number of red cells in the 
aqueous veins. Adrenalin and cocaine re- 
duce the number of red cells in the aque- 
ous veins but there is no evidence that 
the fluid outflow is increased. 

Pharmacologic effects on aqueous veins 
are dependent neither on the size nor on 
the situation of the vessel. 

There is a rapid depletion of red cells 
following cocaine or adrenalin instilla- 


rounding plexuses. Thus, the outflow of 
aqueous humor could be facilitated. Simi- 
larly, the filling of aqueous veins after 
homatropine instillation could tentatively 
be explained by the expression of blood 
out of the spongelike iris tissue when it 
is compressed by the action of a mydri- 
atic. It could be assumed that during this 
expression aqueous veins originally con- 
taining clear fluid only will be filled with 
blood. The possible communications be- 
tween iris vessels and aqueous veins are 
obvious in the well-known vessel anatomy 
as described by Maggiore and as repro- 
duced by Duke-Elder and others. 

These considerations, ingratiating as 
they may sound, are not valid for the ex- 
planation of all facts observed in the 
pharmacology of the aqueous veins. 

First of all, there are two more drugs 
which tend to, or really do, dilate the pu- 
pil without provoking the red-cell in- 
crease in aqueous veins as it is observed 
after homatropine instillation. In adren- 
alin experiments, this might be explained 
by the well-known vessel-contracting ef- 
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fect and the slight effect or absence of 
effect on the iris. In cocaine experiments, 
dilatation of the pupil—meaning contrac- 
tion of iris tissue and shortening of the 
yascular bed in the iris—occurs regularly 
at least in eyes with a low degree of 
pigmentation. Neither during the period 
of iris-tissue contraction nor at the peak 
of the pupillary dilatation, has increase of 
red-cell content in aqueous veins been 
observed. 

Moreover, the changes observed in 
aqueous veins after mydriatics and mio- 
tics are not coincident in time with the 
pupillary changes, Depletion of red cells 
after eserine or pilocarpine administra- 
tion, and entrance of red cells into aque- 
ous veins after homatropine instillation, 
both start definitely before miosis or my- 
driasis, respectively, can be observed. 

This important fact parallels the inde- 
pendence of the effect on intraocular 
pressure from the effect on pupillary 
changes following the use of miotics. 
Hayashi,** Puscariu, Nitzulescu. and 
Cerchez,**” Thiel,®* Feigenbaum,°*® Lars- 
Aliqud-Mazzei,*' Magitot,“° Ro- 
kitzkaja,°* Clarke,5*® and other authors 
found that the pressure effect of pilo- 
carpine, eserine, and doryl begins earlier 
and lasts longer than the pupillary con- 
traction. 

There is one more significant fact to 
be considered. The influence of illumina- 
tion on intraocular pressure of eyes pre- 
disposed to glaucoma has been proved in 
experiments by Seidel,®° Serr,®? Groen- 
holm, Dashevsky,** and others. There are 
eyes that, after being kept in darkness for 
a certain time, showed an increase of in- 
traocular pressure always when and only 
when the pupillary diameter trespassed a 
certain threshold. In a similar way, pres- 
sure decrease is conditioned by a certain 
threshold of miosis. According to Seidel, 
neither maximal mydriasis nor maximal 


miosis is needed to produce these changes 
in intraocular pressure. 

It is difficult to evaluate separately the 
single factors involved in this problem. 
The action of every drug probably is a 
complex one and will not be exclusively 
explained either by changes in the iris 
tissue or by other factors such as per- 
meability, action on the vessel diameter, 
traction on the scleral spur, local vascular 
pressure. Further studies on aqueous 
veins may offer new points of attack for 
the pending problems. 


III. GLAUCOMA AND AQUEOUS VEINS 


There is a trend in glaucoma research 
to enlarge the realm of secondary glau- 
coma, to restrict that of primary glau- 
coma, and to build up etiologic subdivi- 
sions of the latter. 

Fourteen years ago, Elschnig® had to 
confess that, after a lifetime dedicated in 
great part to the study of the histology of 
glaucoma, he could not show histologic 
changes characteristic of the mechanism 
of primary compensated glaucoma in its 
early stages. Only eight years later, 
Friedenwald'* was able to show definite 
changes in the afferent arterioles of 
Schlemm’s canal. Changes of this kind 
interfere with the constant flow of plasma 
into the canal, which is thought to be nec- 
essary to provide a continuous drawing 
off of fluid from the anterior chamber. 

In a study pertaining to the systemic 
venous blood pressure in glaucomatous 
patients, Colomba® found that the aver- 
age venous pressure was 6 mm. of water 
higher than the highest, and 51 mm. high- 
er than the lowest values found in indi- 
viduals without glaucoma and without 
cardiac disease. Whereas the normal 
range was between 70 and 115 mm, of 
water, the average in cases of glaucoma 
was a venous pressure of 121 mm. of 
water. 
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This difference of from 6 to 51 mm. 
of water is a relatively high value as com- 
pared to the pressure gradient sup- 
posedly operating between the canal of 
Schlemm and the junction of aqueous 
veins with conjunctival or subconjunc- 
tival vessels. According to the estimation 
on page 1195, this pressure gradient is 
approximately between 80 and 240 mm. 


tion, the term aqueous vein is given 4 
wider sense, comprising all outlets from 
Schlemm’s canal and not only those bio- 
microscopically visible aqueous veins, 
A local analogy to the systemic rise of 
venous pressure is to be found in pulsat. 
ing exophthalmos. In a review by Sugar 
and Myer,®* emphasis was placed on jp. 
creased intraocular pressure in_ these 
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Chart 1 (Ascher). Vascular pressure gradient in the normal eye. 

Charts 2 and 3 (Ascher). Vascular pressure gradient in the glaucomatous eye. 

Chart 2: Glaucoma with intraocular etiology. Intraocular venous pressure is higher than in 
an eye with normal intraocular pressure (chart 1). The pressure in the conjunctival veins is sup- 
posed to be normal. A more vigorous glass-rod phenomenon should be expected. 

Chart 3: Glaucoma with increase of systemic venous pressure (Colomba). The difference be- 
tween venous pressure of intraocular veins and of conjunctival veins is smaller than normally. 
Absence of or incomplete glass-rod phenomenon is expected. 


of water. We do not know, up to this 
time, whether the high venous pressures 
found by Colomba are a general charac- 
teristic of a certain type of primary glau- 
coma, and whether, in these cases, they 
are present also in the smaller venous 
vessels of the orbit or of the bulbus prop- 
er. Should they be present there, then an 
interference with the outflow via aque- 
ous veins is probable. In this considera- 


cases. Here, the unilateral change in 
orbital-vein pressure is probably respon- 
sible for interfering with the outflow 
from the outlets of Schlemm’s canal. 
General capillary activity, of course, 
would be influenced in the same sense in 
these cases. Similar considerations are 
valid for cases of facial angioma with 
unilateral glaucoma. 

Whereas, in the systemic circulation, 
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the pressure gradient in capillaries and 
yeins shows a uniform decrease, in the 
gradient of the ocular veins there is a 
break corresponding to their exit from 
the bulbus coats (Kukan®). Under nor- 
mal conditions, the intraocular part of 
any vein cannot have a pressure perma- 
nently lower than the intraocular pressure 
itself. After leaving the bulbus coat, the 
yein retains a pressure about half that in 
its intrabulbar section. This difference in 
intravascular venous pressure contributes 
to the safety and maintenance of normal 
intraocular pressure. In case of venous 
engorgement the latter will not be raised 
unless venous pressure surpasses the level 
present in the intrabulbar section of the 
veins. In glaucomatous eyes with a nor- 
mal venous pressure in the conjunctival 
veins, a steeper pressure gradient and a 
more vigorous glass-rod phenomenon 
should be expected. If, however, the hy- 
pothesis of Colomba is valid—namely, 
that venous pressure is elevated in pri- 
mary glaucoma—there would be a small- 
er difference between the pressure in 
Schlemm’s canal and that in the recip- 
ient veins, and therefore a weak or 
absent glass-rod phenomenon (charts 1, 
2, 3). 

Another detail of the inexhaustible 
complex of glaucoma problems _ that 
might be elucidated by a knowledge of 
aqueous veins in a wider sense is that of 
hydropthalmia. In the discussion of its 
pathogenesis, there is a contradiction be- 
tween the classic theory of the importance 
of Schlemm’s canal for fluid elimination, 
and the repeatedly verified absence, or 
rudimentary condition, of Schlemm’s ca- 
nal in some hydrophthalmic eyes. Assum- 
ing a continuous production of intraocu- 
lar fluid, we might expect, in the absence 
of the only recognized means of elimina- 
tion, not only an increase of intraocular 
pressure but ultimately a rupture of the 
ocular coats, due to continuous produc- 


tion without elimination of intraocular 
fluid. Here again the universal molecular 
water exchange throughout the eye could 
be called on for an explanation of why, 
instead of this disastrous result, an equi- 
librium may eventually be reached and 
the ocular pressure in certain cases of 
hydrophthalmia not only be maintained 
at an equally elevated level for months 
and years, but even, in rare instances, re- 
turned to normal values (Anderson*). 
It would, however, be reasonable to con- 
sider also the presence of vessellike chan- 
nels able to eliminate intraocular fluid 
even in the absence of a normally devel- 
oped canal of Schlemm. With this pos- 
sibility in mind, we should consider the 
canal of Schlemm to be only a reservoir 
allowing collection of intraocular fluid, 
and an exactly adjusted safety valve 
(Duke-Elder™) but not the conditio sine 
qua non for any elimination of fluid from 
the eye. 

The success of colmatage* that is some- 
times observed might be explained by the 
assuming that only in the successful cases 
have aqueous veins or their recipient ves- 
sels been obstructed by cauterization of 
the pericorneal area, Recent observations 
published by Albaugh and Dunphy 
might confirm this assumption. They ob- 
served occasional increase of intraocular 
pressure after nonperforating cyclodia- 
thermy. They explained this observation 
by the puckering of the sclera, which re- 
duces the volume of the globe. A free 
chamber angle and absence of peripheral 
synechias were found histologically in 
animal experiments. It could be assumed 
that here, too, occlusion of recipient ves- 
sels of the outlets from Schlemm’s canal 
might be at least partially responsible for 


* An operation designed to raise the intra- 
ocular pressure by chemical cauterization of the 
pericorneal region (Lagrange, Félix. Bull. Soc. 
d’Opht. de Paris, 1927, v. 5, p. 81). 
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the observed increase of intraocular pres- 
sure in human eyes treated by nonper- 
forating cyclodiathermy. 


OccCURRENCE AND QUALITIES OF AQUEOUS 
VEINS IN GLAUCOMATOUS EYES 


The number of cases observed in the 
Cincinnati Eye Clinic is not yet sufficient 
to allow decisive conclusions to be reached. 
Preliminary deductions, however, could 
be formulated. 

Aqueous veins are present in glau- 
comatous eyes. If not disguised by con- 
gestion, they are visible as frequently 
as in eyes with normal intraocular 
pressure. 

There is no difference between primary 
and secondary glaucoma so far as the 
presence of aqueous veins is concerned. 
Absence of congestion is the only condi- 
tion for their visibility. In glaucomatous 
eyes the glass-rod phenomenon is rarely 
inducible. 

A typical glass-rod phenomenon has 
been observed in but 1 of 10 cases of 
compensated primary glaucoma. The pa- 
tient, Robert J., colored, aged 46 years, 
had been under observation for years be- 
cause of his intraocular pressure, which 
never rose above the upper normal limits 
but was reduced by use of pilocarpin in- 
stillations. The disc as well as vision and 
fields showed no pathologic changes. The 
intraocular pressure of his right eye 
showed a maximal value of 29 mm. Hg 
(Schidtz) in April, 1935, and since that 
time has never been more than 20 mm Hg 
under pilocarpine control. His left eye 
had been enucleated because of absolute 
glaucoma in March, 1941. The glass-rod 
phenomenon observed in the recipient 
vessel in the lower nasal quadrant of the 
remaining eye was regularly producible. 
It developed rapidly and led to a complete 
clearing up of the blocked section of the 
vessel, persisting just so long as compres- 
sion was applied. All these qualities are 


characteristic of a vigorous outflow of 
fluid, and it is interesting to note tha 
none of the other eyes with definite glay. 
coma showed a similar glass-rod phe- 
nomenon. 

There was, however, one more case of 
a glass-rod phenomenon, provokable by 
sodium-chloride instillation. Anna U. 
colored, aged 71 years, had been under 
observation for primary compensated 
glaucoma since February, 1942. Both an- 
terior chambers were shallow. Intraocular 
pressure was maximally 41 mm. Hg, with 
good response to pilocarpine. The glass- 
rod phenomenon was missing upon re- 
peated examination, but could be pro- 
voked after instillation of a 10-percent 
solution of sodium chloride. 

An observation in a certain sense 
analogous to the foregoing was made on 
the left eye of a 67-year-old white patient, 
Julia N. After a bilateral trephining op- 
eration she had a marked hypotension in 
both eyes. Instillation of fluorescein 
proved the presence of a filtrating cush- 
ion with free fistulization. In her left eye, 
temporally from the scar and near the 
limbus, a Y-shaped deep aqueous vein 
was visible. After instillation of a 5-per- 
cent sodium-chloride solution, no influx 
of red cells was found in this particular 
vessel, neither immediately nor during 
continued observation. 

Closure of the lids as well as blinking 
had apparently the same effect in glau- 
comatous eyes as in those with normal 
intraocular pressure, so far as the aque- 
ous veins were concerned. The results, 
however, were not uniform. 

Illumination increased the amount of 
clear fluid in the aqueous veins of glav- 
comatous eyes, although not consistently; 
sometimes an increase of the red-cell con- 
tent of aqueous veins was observed after 
the patient had been kept in a dark room 
with the lids opened. 

Pulsating border lines were observed 


i] 
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Fig. 22 (Ascher). The outflow of clear fluid becomes more 
W of powerful after pilocarpine administration. Antony F., white, 54 
that years old, early chronic simple glaucoma. The case has been 
glau followed since May, 1939. The pressure in his right eye was 
maximally 35 mm. Hg, with good response to pilocarpine ad- 
Phe- ministration. The right eye had a shallow anterior chamber, 
a normal disc, and an enlarged blind spot. Near the nasal upper 
se of limbus, a short aqueous vein emerged from the deeper layers. 
It contained a few red cells, and after a short course, joined 
c by a larger vein roughly paralleling the limbus. a, Immediately 
U,, after pilocarpine instillation, the aqueous vein became dark red 
nder in color. Some seconds later, it cleared again, and five minutes 
, after the instillation, the aqueous vein as well as the recipient 
ated yessel contained only a few red cells. b, The direction of flow 
1 an- was reversed in the upper hali of the recipient vein (see ar- 
cular rows). The depletion of red cells continued and reached its 
: maximum 30 minutes after the instillation, c, at which time also 
with the aqueous vein and the recipient vessel were clear as water. 
lass- Their diameter may have been a trifle larger than before in- 
. Te stillation. A few red cells indicate a reversal of flow in the 
f th ipient 1. 
pro- upper half of the recipient vesse 
cent 
m in aqueous veins of glaucomatous eyes. Here again the 
‘ a increase of clear fluid was coincident with the peak of 
saat the radial pulse. 
. , In six out of seven experiments with hyperosmotic 
P sodium-chloride solutions an increase of the red-cell 
“ie content in aqueous veins has been observed. The in- 
t crease lasted for 10 to 30 minutes. to patients with subnormal postoperative 
pan In 9 out of 12 experiments with pilo- pressure or to those border-line cases 
the carpine in 2-percent solution and with with almost normal intraocular pressure. 
si eserine in 0.5-percent solution, an in- In these cases, homatropine produced an 
ser crease of the clear-fluid elimination was influx of red blood cells into the aqueous 
Aux suggested by the loss of red-cell content vein. This increase of red blood cells 
ti and the increased rapidity of flow in the lasted for about one hour. 
ing aqueous vein under observation (fig. 22). The influence of pontocaine instillation 
In two instances, a pulsating transverse on the aqueous veins was observed in 
ing border line was observed which had not eight cases. An increase of red blood cells 
Fy been seen before the instillation of pilo- in the aqueous vein was uniformly ob- 
al carpine. The increase of clear-fluid con- served. It lasted for 30 to 100 minutes. 
e- tent in aqueous veins lasted for one-half to Stratification, if present before the ex- 
Its one hour. In three experiments performed periment, was destroyed by the instilla- 
on the eyes of two different patients, the tion and did not return until approxi- 
of opposite of the usual increase of clear mately half an hour had elapsed. The 
~ fluid was noted: A larger amount of red same is true of a pulsating border line 
ly; blood cells was present in these three when it crosses an aqueous vein before 
ee experiments for the duration of about one _ the instillation: It was extinguished for 
ter hour. approximately the same period of time. 
“a For obvious reasons, experiments with Operative trauma in eyes nonconges- 
mydriatics were made on these eyes as_ tive before operation disguises the aque- 
ail an exception only. They were restricted ous veins for about six weeks. 
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SUMMARY 

The main difference between aqueous 
veins in normal eyes and in those with 
primary compensated glaucoma seems to 
be that in the latter the glass-rod phenom- 
enon is apparently extremely rare. A pos- 
sible explanation was discussed. 

The effect of light and of darkness is 
roughly parallel to that of eserine and 
pilocarpine on the one hand, and of ho- 
matropine on the other. Light and pilo- 
carpine reduce the red-cell content in 
aqueous veins whereas homatropine pro- 
vokes an influx of blood corpuscles into 
them. All these effects have been ob- 
served in aqueous veins of normal as well 


as of glaucomatous eyes in a similar Way, 
In some glaucomatous eyes, however, an 
increase of the red-cell content has been 
found after pilocarpine administration, 

There is no difference in the effect of 
pontocaine on aqueous veins of normal 
and of glaucomatous eyes. 

The importance of the aqueous veins 
for the understanding of glaucoma prob- 
lems is discussed, 

Particular attention is directed to ab- 
sence of Schlemm’s canal in hydrophthal- 
mia and to local changes in venous pres- 
sure, 


411 Oak Street. 


Note: I am indebted to Mr. Joseph B. Homan, Assistant Professor of Medical Art, College 
of Medicine, University of Cincinnati, and to his assistants for their skill and understanding in 
redrawing my rough sketches of the aqueous veins. 


DIscuSSION 


Dr. FREDERICK H. VERHOEFF (Boston, 
Mass.) : I should like to ask Dr. Ascher 
whether there is any significant differ- 
ence in the appearance of these veins in 
glaucomatous and normal eyes, and in 
different types of glaucoma, too—for in- 
stance, in acute glaucoma without con- 
gestion and in simple chronic glaucoma— 
whether the veins look just the same as 
in normal eyes. 

Dr. AscHER: The number of glauco- 
matous eyes is not large enough to permit 
us to draw definite and complete conclu- 
sions ; but we can say that aqueous veins 
do not occur less frequently in glaucoma- 
tous eyes than in normal eyes, or, I might 
better say, in eyes without increased in- 
traocular pressure. However, I have ob- 
served that any congestion, whether due 
to glaucoma or to inflammation, inter- 
feres with the visibility of aqueous veins. 
Any trauma, puncture of the chamber, 
any contusion, any conjunctivokeratitis, 
anything that tends to increase the red- 
cell content of the conjunctival vessels, 
conceals the appearance of the clear chan- 


nels, and this may be in accordance with 
the observations of Dr. Kronfeld who 
this morning explained that when he 
punctured the eye, and a part or all of the 
aqueous humor escaped, a larger amount 
of blood suddenly entered the canal of 
Schlemm. This occurs also in aqueous 
veins: When the pressure of the aqueous 
phase is diminished, blood enters, and no 
more stratification is visible, for stratifica- 
tion is due only to the simultaneous pres- 
ence of both the aqueous and the san- 
guineous phase. When you change the 
intravascular pressure, in a moment all 
stratification disappears. 

Dr. VERHOEFF: But if you had a nor- 
mal filtration angle and high intraocular 
pressure, the aqueous flow would be in- 
creased and the clear stream would be 
longer, wouldn’t it ? 

Dr. AscHeEr: I don’t know. Up to now 
my experience does not suffice to answer. 

Dr. VERHOEFF: You haven’t observed 
any such thing? 

Dr. AscHER: I have seen such cases, 
but the interrelation is not yet clear. 
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FUSION, PROJECTION, AND STEREOPSIS 


ISADORE FRANKLIN, M.D. 
Milwaukee 


THE THESIS 
In the title of this paper, the words 


“fusion, projection, and stereopsis” are. 


used in the given order in deference to 
the traditionally accepted views on this 
subject. 

These views are: 

(1) “Fusion” is a special, independent 


-neuropsychic power or attribute, effecting 


the unification of visual images. 

(2) “Projection” is a purely visual sen- 
sory process, susceptible to geometric in- 
terpretation or representation. 

(3) “Stereopsis” is a secondarily re- 
sulting “synthetic” visual complex, a late 
acquirement, a characteristic of the higher 
mammalian classes. 

The thesis that is submitted here is 
somewhat at variance with these generally 
accepted views. From a biologic, evolu- 
tionary point of view it appears that the 
following is true: 

(1) “Fusion” is not a special neuro- 
psychic power or attribute. “Fusion” is 
the codérdination of body and forelimb 
movements, actual or potential, with vis- 
ual images for the prehension of “real” 
objects in space. “Fusion” is a resultant 
of the more ancient and basic projectional 
and stereoscopic reactions. 

(2) “Projection,” like “stereopsis,”’ is 
an oculosomatic reaction that is primor- 
dial in origin and universal among verte- 
brates. 

(3) What is generally conceived as the 
stereoscopic function, as it appears 
among the primates, is merely an elabora- 
tion of these ancient functions or proc- 
esses, on the new basis of semidecus- 
sation and convergence, in coordination 
with potential, in place of actual, body and 
forelimb movements. 


The basic theme of our presentation 
then, is that stereopsis, fusion, and pro- 
jection are not purely sensory, or sensory. 
psychic abstractions—as classical theory 
would have it—but are eye-limb-body, 
locomotion, and prehension functions or 
processes—ancient spatial-reaction com. 
plexes, in which the body and limp 
movements have evolved from an actual 
to a potential form. 


THE PROBLEM 


The accepted views on fusion, projec- 
tion, and stereopsis appear to have their 
origin in the belief that these functions 
are exclusively connected with large over- 
lapping fields, in which objects are rep- 
resented on “corresponding points” on 
homolateral retinal halves, which are 
conjointly represented in the same cere- 
bral area. 

Accordingly, one of Britain’s outstand- 
ing ophthalmologists, Sir W. Stewart 
Duke-Elder, has stated that “Binocular 
vision is a late acquisition in phylogeny,” 
and that “The faculty of sublimation of 
the two sensory impressions into a unitary 
perception is of late phylogenetic acquire- 
ment and is characteristic only of the 
primates.” However, another  distin- 
guished British ophthalmologist, F. Ber- 
nard Chavasse, rose to challenge this 
widely accepted view.* He argued that 
“the presence of overlapping fields in 
every sighted vertebrate examined, to- 
gether with the occurrence of specialized 
retinal areas and even foveae in the ap- 
propriate retinal site (temporal) in mem- 
bers of not one, but all the main branches 
of the vertebrate family, does not support 
the idea that binocular vision is ‘charac- 
teristic only of the primates.’”* Indeed, 


*“Bartel’s statement in his Textbook on normal and pathologic physiology that all animals 
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Duke-Elder himself admits the existence 
of a small binocular field even in so low a 
mammal as the rabbit, with extremely 
laterally placed eyes.* 

However, in these lower vertebrates 
with partial binocular fields, such as the 
fishes, the eyes have, no power of con- 
vergence. By what mechanism, then, are 
such vital activities as striking at prey 
coordinated with the varying distance of 
objects in the center of their binocular 
fields? Chavasse offers a simple, plausible 
explanation: “Even before convergence 
was developed certain corresponding 
retinal areas may have become related to 
specific activities, such as opening of the 
jaws to engulf the prey. Successive posi- 
tions of the prey result in correspond- 
ing... successive positions of the retinal 
images. Thus, twin stimulation of certain 
retinal areas . . . will come to be the signal 
for that opening of the jaws which was 
previously effected through the medium 
of receptors older than those of sight 
(touch, smell, etc.). .. . A low grade of 
stereoscopic vision, by simple triangula- 
tion, has been effected for the specific ac- 
tivity without the help of convergence.”** 

As for the “faculty of sublimation of 
the two sensory impressions into a uni- 
tary perception,’ Chavasse submits that 
“It is not for us... to alchemize nervous 
impulses into consciousness. . . . Instead 
we can be confent to ignore the sensual 
side altogether and to see a sufficiently 
real fusion of the two uni-ocular patterns 
in the appropriate motor reaction.” He 
further states: “The physical significance 
of sub-total decussation is simply that in 
animals in which the binocular field is 


large in comparison with the total field, a 
great economy in the number of neurones 
required can be attained by the represen- 
tation of the right (or left) half field of 
both eyes on the same side of the brain, 
thus bringing the taxis of the two eyes 
into line with that of the body as a 
whole. . . . Thus the postulation of a spe- 
cial psychological significance is simply 
not required to explain the physical fact.” 
It will be generally agreed that there is 
“sufficiently real fusion of the two uni- 
ocular patterns in the appropriate motor 
reactions.” Indeed, Duke-Elder himself 
states that “the projection of two cor- 
responding retinal areas upon the same 
cortical field is not essential for the union 
of their several impressions,” and em- 
phasizes the view “urged independently by 
Mott and Sherrington” that “the conflu- 
ence of sensory conductors is primarily to 
give them access to a common efferent 
motor path which both must use, if a co- 
ordinated mechanism is to result.’® 
However, in the aforementioned con- 
siderations of Chavasse it is not apparent 
in what manner the appropriate motor re- 
action to the retinal “stimuli” effects the 
fusion of the two visual “images” into a 
single image—preventing diplopia. In 
Chavasse’s explanation of primitive stere- 
opsis by “simple triangulation” there is a 
displacement of retinal images toward 
temporal sides, which, in higher animals 
with subtotal decussation would result in 
diplopia—in case the visual axes would 
remain parallel, instead of converging for 
a near object. How, the question arises, 
in the case of binocular vision in animals 
with complete decussation, is diplopia 


with spontaneous eye movements possess a fovea, led H. Kahmann to study the histology of 


the vertebrate retina in the foveal region. . 


.. He has collected eyes from 400 species of animals: 


mammals, birds, amphibians, reptiles, bony fish, lung fish, cartilaginous fish, and ganoids. 

“In the marine bony fish, an incompletely developed fovea lateralis was found. In the reptiles 
a fovea centralis was found. The exceptions are two species of snakes which possess a fovea 
lateralis. The fovea of the reptiles is completely developed except that of the snakes and 
skinks.”—(“Foveal vision of vertebrates,” Arch. f. Ophth., 1936, v. 135, p. 265. Abst., Pract. Med. 


Ser., 1936, v. 2, p. 295. 


* With but one or two exceptions italics in quoted passages are the author’s, 
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avoided, or single vision effected? Or, 
conversely, we may ask, how does the 
noncrossing of temporal fibers cause di- 
plopia, when eyes do not converge for near 
objects? Also, just how is this diplopia 
prevented, or unification of images ef- 
fected by means of converging these vis- 
ual axes upon the near object? This 
brings up the fundamental question: 
What is the relationship of “true” and 
“false” images to the “real object” in 


field of Vision 


“Circle of Reference 
or 
Orientation 


Field of Vision 


effective in adding knowledge or clarity 
to our understanding of the processes of 
unification of visual impressions, Fyr. 
thermore, this concept restricts us to the 
use of these “sensory impressions” as the 
exclusive material for the construction 
of a theory of fusion, projection, and 
stereopsis. These sensory abstractions 
form the basis of optical-geometrical rep- 
resentations, which, in our view, lead to 
barren formulations. 


“Principal 
visual Line 3 


“Orientationa/ 
-Kinetic Line 
Primordial 
Coordinate 
Lines of 
\ VN 
» 
Triangle of, 


Me 


Fig. 1 (Franklin). Actual (primitive) projection and stereopsis: 
As indicated in the figure, the circle of reference or orientation 
is really not a single circle, but a series of circles, since the visual 
field moves forward along with the eyes. (The general orienta- 
tional effect of an arc of the “circle of reference” is equivalent to 
its chord, to which the “kinetic-orientational line” of the moving 
organism is parallel.) The “Orientational Kinetic Lines” begin to 
form only during the movement of the body towards the object 
of interest (+), and are completed on reaching that goal. The 
diagram, therefore, represents not geometrical-optical relations 


but a dynamic-functional process. 


space? Or what are the conditions or 
processes which make an image a “false” 
image or a “true” image? 

It seems that we cannot be satisfied to 
accept exclusive mechanistic interpreta- 
tions, that the unification of retinal im- 
ages is purely a physical process. Shall 
we, then, on the contrary, merely rest 
content with the assumption of “a faculty 
of sublimation of the two sensory impres- 
sions into a unitary perception?” We sub- 
mit that this classic conception, though 
beautiful in its formulation and impres- 
sive in its generalization, is not in itself 


On the other hand, we'cannot “be con- 
tent to ignore the sensual side altogether.” 
The subjectively experienced retinal “im- 
ages’’ cannot be separated from objective- 
ly viewed retinal “stimuli.” And while we 
agree that “it is not for us to alchemize 
nervous impulses into consciousness,” we 
certainly cannot disregard visual con- 
sciousness which is associated with those 
nervous impulses. It appears, then, that 
in any comprehensive theory expounding 
the relation of “images” to “real objects,” 
the motor responses must somehow be in- 
tegrated with subjective sensory experi- 
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ence. This we shall attempt to do as we 
consider the spatial reactions of organ- 
isms in their simplest, most elementary 
forms, as in the lowest vertebrates, as 
well as in their most complex form, as in 
the primates. 


PRIMITIVE (ACTUAL) PROJECTION 
AND STEREOPSIS 

“Locomotive progression and distance recep- 
tivity are two phenomena so fundamentally 
correlated that the physiology of neither can 
be comprehended without recognition of the 
correlation of the two. Evidence is forthcom- 
ing from ontogeny and phylogeny.”—C. Sher- 
rington,” “Locomotion and receptive range.” 

We must consider, in the first place, 
that the most primitive vertebrates had no 
eyes. “Early aquatic vertebrates were 
provided with an elaborate system of 
lateral organs, which enabled the animal 
to guide its movements by responding to 
the vibrations in the watery medium set 
up by alterations in pressure and by the 
waves reflected from external objects.”® 

Prior to the appearance of the eye, the 
brain was the apparatus for the control of 
simple, limited body movements under 
simple conditions of life. The true cere- 
bral eye “the bud of the brain” was an 
additional, refined instrument for the con- 
trol of locomotion and limb movements 
under more complex conditions of life. 
“The essential and primary function of 
vision is therefore the control of move- 
ments...” and “visual organs are found 
almost solely in actively moving ani- 
mals,”’® 

If we contemplate, then, the primitive 
Spatial reactions of simple vertebrates 
with true eyes, we find that these are not 
psychic complexes, elaborated from “vis- 
ual impressions,” but the actual bodily 
projections into space towards an object 
of interest. And whether we think of 
“space” in accordance with the classic 
conception, as an absolute extending 
void, in which objects are at rest or in 
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motion ; or whether we regard “space” in 
the modern relativist sense, as the four- 
dimensional time-space condition of 
events and objects—we may regard space 
from a biologic point of view, as the me- 
dium in which, or by which, the organism 
“moves and has its being.” Indeed, from 
the point of view of organismal reaction, 
the “sense of space’ may be considered as 
identical with “space” itself. 

As to the spatial reactions of a lowly 
water vertebrate with eyes so extremely 
laterally placed as completely to exclude 
overlapping fields, the existence of such 
absolute lateralness of optic axes is per- 
haps more hypothetic than real. It might 
be difficult to demonstrate the total ab- 
sence of overlapping fields in any organ- 
ism, no matter how lowly. (In specimens 
of lampreys that I have examined the eyes 
appeared to be completely lateral.) How- 
ever, it seems legitimate to assume the 
existence of such a condition for the pur- 
pose of analyzing the processes of stere- 
opsis, projection, and fusion in their most 
primordial, elementary forms. 

If we picture, then, the spatial reaction 
of such an organism, it appears that these 
would be as follows (see fig. 1): With 
completely laterally placed eyes, the vis- 
ual field for each eye extends through 
about 180°, forming a semicircle ; the ex- 
treme end of each visual field might meet 
posteriorly, but certainly must meet an- 
teriorly, if the object of interest placed at 
the forward limit of each field is to be 
seen completely. The visual field in each 
eye is “bound” by an orientational semi- 
circle, the “radius” of which corresponds 
to the most anterior visual line, which 
joins at the “object of interest” with the 
same line from the other eye. 

The visual field in such a primitive 
aquatic vertebrate thus forms a circle of 
reference, or orientation, on the basis of 
stimuli of light (and of stimuli of other 
vibratory character) received from ob- 
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jects in the circular field. From the “im- 
pact” of these stimuli on both sides of the 
organism, the responding body and limb 
movements affect the orientational bal- 
ance of movement toward the object of 
“attention” or the object of immediate 
biologic interest, along a straight central 
line—the line of actual somatic projec- 
tion. 

It must be considered that in the case 
of a simple organism (and for that mat- 
ter also in higher organisms), the move- 
ment of its body toward its goal purely in 
response to a visual stimulus alone would 
result in an uncertain, irregular line of 
movement toward the objective source of 
the retinal stimulus. The visual line ex- 
tending from the extreme periphery of 
the posterior (temporal) retina to the ob- 
ject of interest at the junction of the two 
visual fields is “the principal visual line.” 
This “basic” or “true” line of projection— 
that is, the direction into space of the line 
that joins the image on the retina with the 
real object in space—is determined not 
merely by the optical effects (that is, by 
the angle of the light rays impinging upon 
the retina, or location of the image on the 
retina) but by codrdination of the line of 
retinal image with the “kinetic-orienta- 
tional line”—the line of direction of body 
and limb movement toward the object, 
responding to orientational “impacts” 
from stimuli in the visual field. 

The general position of this line, in 
the effective direction of its force, while 
the organism is moving towards its goal, 
is of a line at an angle with the “principal 
visual line” with which it connects at a 
point where the two principal visual lines 
join at the object. Thus, on the basis of 


prime, vital, biologic reactions, the prin- 


cipal visual image line and the body-limb 
movement line 
line”) become fixed together (phyloge. 
netically) as the basic, instinctive visyg). 
kinetic codrdinate.* Later in this discys. 
sion in considering fusion and projection 
in higher vertebrates with overlapping 
fields, and with complete, as well ag jp. 
complete, optic crossing, these primordial 
stereoscopic coordinate lines will be 
ferred to as the “basic or normal coér- 
dinate lines of projection.” 

It is important to note, furthermore, 
that even in this primitive projection. 
stereopsis complex, without overlapping 
of fields, both the principal “visual line” 
and the “kinetic orientational line” tend 
co-directionally toward the contralateral 
field (see fig. 1). This tendency also be- 
comes “fixed” phylogenetically as basic 
and “instinctive,” as will presently appear 
when projection, fusion, and _stereopsis 
are considered under more complex con- 
ditions in higher evolutional types. It will 
be found, furthermore, that the very con- 
sciousness (of the organisms as a whole) 
of the presence or absence of an image in 
any given field is dependent upon, or de- 
termined by, the “normal” body-limb mo- 
tor response to a retinal stimulus. So 
again, without “alchemizing nervous im- 
pulses into consciousness” these impulses 
(the retinal image impulses codrdinated 
with limb-body orientation impulses) may 
properly be regarded as the integrative 
factors, if not as the essential elements of 
consciousness of a visual image in a field. 

Simple or primitive stereopsis then con- 
sists of: (1) perceiving image of object, 
(2) moving up to the object, “guided” by 
the kinetic-orientational line, and (3) 
making contact with it or seizing it. Fu- 


*“The roof of the mid-brain (the tectum) has undergone profound changes in evolution. 
Originally it received the whole of the sensory impressions, which, as we have seen, were 
primarily photastatic. Accordingly, in selachians, teleosteans, and ganoid fishes, the ‘visual’ 
sensations are correlated with the somaesthetic in this region, and the tectum thus serves as the 
sensory cortex for such correlations as are required.”—Duke-Elder, “Text book of ophthal- 
mology,” 1937, v. 1, p. 247. 
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sion is a term that can hardly be used 
here, since, there being no overlapping 
geld, there are no two separate whole im- 
ages to be “fused.” The two projected 
half images from each eye are simply 
contiguous to or continuous with each 
other, and are “united” into the single 
real object by the aforementioned process 


of stereo psis. 
OVERLAPPING VISUAL FIELDS 


In considering the primitive stereo- 
scopic complex of a low aquatic verte- 
brate, it was found that its spatial reac- 
tions based on this complex were ade- 


* quate for the biologic requirements of the 


animal. What was the necessity, then, that 
gave rise to overlapping of visual fields? 
Why is a simple, central, forward join- 
ing of the two panoramic fields insuff- 
cient for the spatial reactions of higher 
vertebrates ? 

The simple stereoscopic-projection 
process, in which the object of interest 
was at the forward junction of the pano- 
ramic fields (the binocular center), was 
adequate for the primitive vertebrate, 
which had a relatively slow-moving or 
stationary object of interest at its binocu- 
lar center, located at a short distance 
from it. The lamprey, previously referred 
to as a typical primitive vertebrate with 
nonoverlapping fields, has a large and a 
relatively slow-moving “object of inter- 
est”—the big fish to which it parasitically 
attaches itself. The large, slow-moving 
area for which the lamprey aims, al- 
though it may move through its (the 
lamprey’s) binocular center, nevertheless 
remains to a sufficient extent within the 
central area of the two adjoining frontal 
fields for the animal to react with bilater- 
ally balanced, sustained forward move- 
ment toward its goal. 


Fast, actively moving small bodies as 
objects of interest (prey) would not stay 
at the binocular center long enough for 
the animal to react properly. A nonover- 
lapping field presents no extended area 
that can contain the entire moving object 
of interest to which the organism could 
react “in a bilaterally balanced sustained 
forward movement.” Hence, adequate 
stereoscopic reaction to fast-moving small 


-objects (that is, small because of relative- 


ly far binocular centers) required an 
overlapping field. Thus in agreement with 
the evidence “in every sighted vertebrate 
examined,” it has been observed that 
overlapping fields with partly frontally 
directed eyes must be a universal condi- 
tion in all but the most primitive verte- 
brates. 

The relative size of the overlapping 
field and corresponding extent of the for- 
ward placement of the eyes of mammals 
appears, in a general way, to be related 
to, if not directly determined by, the ani- 
mal’s carnivorous or herbivorous habits. 
In case of the Carnivora, the more dis- 
tant and faster moving objects of interest 
(their prey) require a larger overlapping 
field, and therefore more frontally placed 
eyes; whereas in the case of the Herbi- 
vora—the nearer and nonmoving objects 
of interest require a minimum of over- 
lapping of visual fields, and: accordingly 
a lesser degree of frontal placement of 
eyes. 

We shall presently give special consid- 
eration to the case of mammalian Carni- 
vora, such as the feline, which show non- 
decussation of the temporal optic fibers 
to a small extent. For the present, we 
shall consider only the significant finding 
that overlapping of the visual fields and 
partially frontally placed eyes are not de- 
pendent on incomplete optic crossing.* 


*“Tn 1902 Tschermak-Seysenegg made measurements of the horizontal expanse of this binoc- 
ular visual space of various domestic animals, and the outlines of the binocular field were de- 
termined by watching through the sclera the retinal images of a point of light located in front 
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Even in the case of the tarsier with direct 
frontal position of the eyes, the optic de- 
cussation is complete.’® Indeed, it appears 
that the evolution of completely frontally 
directed eyes with large overlapping 
fields is an antecedent stage for the de- 
velopment of optic semidecussation and 
convergence of visual axes. We shall 
presently inquire as to what changes and 
conditions could give rise to optic semi- 


decussation, with temporal-nasal or bi-. 


temporal retinal representation, on the 
basis of previously existing frontal eyes 
with overlapping fields. 


POTENTIAL (ANTICIPATORY) STEREOPSIS 
AND PROJECTION 


In considering primitive stereopsis, in 
which there is no overlapping of visual 
fields and merely a continuity or joining 
together of partial images at the binocular 
center, it was brought out that unification 
of images is achieved by actual movement 
toward and prehension of the single ob- 
ject. However, the development of over- 
lapping fields brought the formation of 
two whole images. How is “fusion” or 
unification of the two images achieved? 

It was pointed out in discussing primi- 
tive stereopsis that although each partial 
image was in the homolateral field, the 
trend of the “codrdinate lines of projec- 
tion,” even in their primordial beginning, 
was toward the contralateral field (fig. 1). 
(In this presentation the terms “homo- 
lateral’ and “contralateral” have refer- 
ence to a forelimb and not to a cerebral 
association center.) With the develop- 


ment of overlapping fields, this trend be- 
came positive, so that each image was 
projected into the contralateral field “be. 
yond” the real object in space, while 
crossing at the object. 

The fusion or unification of two images 
under these conditions will be fully con- 
sidered ; it will be found that this is sti] 
by prehension, actual or potential, of the 
real object in space. For the present it 
should be borne in mind that during the 
evolutional process of constantly increas- 
ing overlapping fields with the projection 
of images into contralateral fields, the 
corresponding neuromuscular-reaction 
complex becomes so fixed in the phylum 
that the impulse for each limb or side of 
body to move toward the image in the 
contralateral field becomes basic or “in- 
stinctive.” This means that the body and 
limb movements for the prehension of the 
real object (in the process of unification 
of the images) tend to become potential 
movements rather than actual ones, and 
projection and stereopsis acquire an an- 
ticipatory character. 


THE VISUAL-TACTILE COMPLEX AND 
FRONTAL POSITION OF EYES 


The change in spatial relations brought 
about by the change from water to land 
conditions led to a differentiation in the 
forms of stereopsis in structure as well as 
in function. The development of limbs as 
the organs of locomotion, on the one 
hand, and the higher development of the 
sense of smell as well as the sense of 
sight, on the other hand, le dto two diver- 


of the animal’s head. Perimetric study was thus carried out by direct objective observation of 
the retinal images. The rabbit, for instance, was found to have a binocular visual space measuring 
about 34 degrees in its horizontal diameter. Tschermak-Seysenegg concluded that in the visual 
space of most vertebrates, including animals with total decussation of the optic nerve fibres 
in the chiasm, there is at least a small area within which sensory cooperation of the two retinas 
is possible. Thus Tschermak-Seysenegg proved the incorrectness of the concept of a direct 
proportionality between the number of uncrossed fibres in the chiasm and the extent of the 
binocular visual space.”—“The binocular visual space of domestic animals,” by A. Pisa, Arch. 
f. Ophth., 1939, v. 140, Feb., p. 1. Abs. Arch. of Ophth., 1940, v. 23, p. 646. 
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gent trends in the formation of sensory 
complexes for the guidance of animal 
movements. 
The general olfactory-visual-tactile 
complex of water-life ancestry tended, 
under land conditions, to become differen- 
tiated into two complexes—the olfactory- 
visual, and the visual-tactile—the two 
complexes tending to supremacy over 
each other, among different species, as a 
guide for animal movements. As in the 
case of overlapping visual fields and 
frontally placed eyes, these evolutional 
trends appear, on the whole, to be deter- 
mined by the herbivorous or carnivorous 
habits of the mammals. (There is a 
“snout-tactile” element which in Carni- 
vora tends to be replaced by “hand-tactile”’ 
element.*) In the case of the Herbivora, 
for which there is little need of a binocu- 
lar overlapping field, although much need 
of a large peripheral field for the detec- 
tion of moving objects in that field, the 
olfactory—visual-sense complex becomes 
the dominant guide for movements. The 
limbs, which are used exclusively for lo- 
comotion, undergo specialized structural 
change. Typical of this formation of the 
locomotion-olfaction-vision complex is 
that of the horse, in which the evolution 
of the foot from the general plan of five 
toes to a single toe or hoof, specially 
adapted for running (Osborn), is sig- 
nificant of its other coexisting structural 
adaptations—extremely laterally placed 
eyes, and prominent nasal structure—all 
three adaptations designed for timely and 
rapid flight from enemies. 


Conversely, in the Carnivora, in which 
there is much need of a binocular over- 
lapping field and little need of a large 
peripheral field, the olfactory factor 
ceases to be of dominant importance. On 
the other hand, the limbs, especially the 
forelimbs, assume the additional func- 
tion, with the required structural modifi- 
cations, of weapons of offense and instru- 
ments of prehension. Thus the kinesthetic 
and tactile sense of the forelimbs, associ- 
ated with the visual sense, becomes the 
complex that guides the movement of the 
animal. Typical and significant of the 
structural adaptations of a carnivorous 
animal are those of a feline—reduced 
nasal prominence, frontally placed eyes, 
and forelimbs capable of offense and pre- 
hension. 

It is significant that the beginning of 
optic semidecussation occurs in the feline 
capable of forelimb activities within its 
overlapping binocular field. Its compara- 
tively freer and more effective use of one 
forelimb in its binocular field requires a 
single cerebral representation of the 
homolateral (nasotemporal) retinal por- 
tions for the coordination of the limb with 
objects in its binocular field. Converg- 
ence, however, if at all present, is mini- 
mal. In spite of an existent favorable 
basis for the development of converg- 
ence—frontal position of eyes and even a 
partial noncrossing of temporal fibers— 
the power of convergence of the visual 
axes remains feeble and at a primitive 
level in animals below the primates.* Evi- 
dently fixation for near objects in itself 


*“When the hand is added to the snout as a tactile organ, it is probable that a hand-tactile 


area will be developed on the neopallium beyond that devoted to snout touch, with a corre- 
sponding motor area in proximitiy to it. It is the opinion of Wood Jones that the development 
of the hand as a tactile organ will be correlated with an increased power of vision and an in- 
creased visual area in the brain cortex, since the hands are used for bringing objects into greater 
proximity to the eyes so that a clearer impression of them may be gained. Add to this fact the 
very reasonable assumption that visual impression and tactile impression from the hands will be 
simultaneous and correlated, and will give rise to associations of touch and sight which were 
previously tactile-olfactory sensations.’—Ernst Hooton,” “Up from the ape,” pp. 82-83. 
*“The Median Nucleus of Perla is almost certainly concerned with convergence. . . . The 
pathological evidence bearing on this point has been collected by Brouwer. Its association with the 
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is not sufficient for the development of 
convergence to a high degree. Probably 
some additional factors arising in the con- 
dition of life of the lower primates 
(“lower” in an antecedent, evolutionary 
sense) gave the impetus to the develop- 
ment of a free and extensive power to 
convergence. 

It is a plausible supposition that the de- 
velopment of convergence and the rear- 
rangement in the course and distribution 
of the optic fibers—the noncrossing of 
the temporal fibers—took place simul- 
taneously in response to two associated 
requirements of life in the trees, both 
arising from the special mode of locomo- 
tion—swinging from branch to branch 
with one hand brachiating):* (1) the 
proper coordination of a hand with an ob- 
ject (a tree branch) in its binocular field 
(in the frontal plane) required the bi- 
retinal nasotemporal, cerebral representa- 
tion; (2) at the same time, the absolute 
need for an exact sense of distance of 
object in space (tree branch) necessitated 
an association of the proprioceptive sense 
from the ocular muscles and from the 
limb and body muscles during the actual 
flight through space. Thus exact projec- 
tion is achieved through convergence of 
visual axes for various distances, which is 
codrdinated with limb and body move- 


ment. This is made possible on the basis 
of noncrossing of temporal optic fibers: 
and while the codrdination of a forelimb 
with an object in a binocular field is 
achieved by means of nasotemporal- 
retinal representation, “exact projection” 
by means of convergence is achieved 
through bitemporal representation (see 
“Projection and unification of images”), 

The tarsier, which has frontal eyes 
with large overlapping fields, but without 
semidecussation and without the power of 
convergence, does not require those new 
acquisitions in structure and function 
since it does not swing from branch to 
branch as does the monkey—its evoly- 
tionary superior in the order of prim- 
ates—but “hops from bough to bough.’ 
Also, because of its life in the trees, vision 
assumes dominance over smell. Accord- 
ingly, the eyes are frontally placed, the 
snout is markedly shortened, and feeding 
is by hand, requiring fixation at short dis- 
tance,’ yet convergence is not present. 
This supports the view that, primarily, 
convergence developed not in response to 
need for close fixation, but for exact pro- 
jection for distance as well as the coor- 
dination of one forelimb activity with 
binocular fixation—under conditions of 
locomotion through space in the trees, as 
has been suggested. It is likely that such 


development of fusion of the visual fields in phylogenetical history . . . was also worked out by 
Brouwer. . . . It is present in birds which have a considerable binocular field; it is absent in 
rodents, it is little developed in Herbivora, more marked in Carnivora when close visual atten- 
tion becomes vitally important, and it is highly developed with a forward prolongation in man, 
the whole of whose mental development is dependent upon the acquisition and perfection of his 
powers, of stereoscopic vision. Moreover, the value of this relationship is accentuated by the 
study of ontogeny, for in the human embryo it is developed at the time when the eyes swing 
around from the side of the head to occupy the final position in the front.”—Duke-Elder, “Text 
book of ophthalmology,” v. 1, p. 278. 

*“Kapper accounts for the partial decussation of these fibres by the theory of Neurobiataxis 
. . » by which he has endeavored to explain the complicated migration of nerve centers and 
nerve tracts in phylogenetical history. . . . In its essentials the theory postulates the migration 
and final arrangement of neural elements as determined by an association of function, the de- 
termining force being physio-chemical. . . . The intimate nature of such a force, or the man- 
ner of its action is, of course, highly speculative . . . but such a conception, correlating structure 
and function, is essentially rational in its biological implications, and clears up many difficult 
points in the anatomy of the central nervous system of the higher animals, in its comparative 
anatomy, and in its embryology.”—Duke-Elder, “Text book of ophthalmology,” v. 1, p. 226. 
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monolimb-bimacular coordination once so 
primordially or phylogenetically acquired, 
was later utilized for one-hand feeding 
and other one-hand activities. It is sig- 
nificant that all animals below primates, 
from tarsier to squirrels, and other ro- 
dents, which feed with both hands, have 
overlapping of visual fields to a greater or 
less degree—but have no semidecussa- 
tion, and no power of convergence. 


THE EVIDENCE IN ANATOMY 
AND PHYLOGENY 


Before I submit further my interpre- 
tation of the processes of unification of 
images, I shall refer briefly to some find- 
ings in phylogeny and anatomy that ap- 
pear to be in accord with the main concept 
in this thesis—the eye-limb-body complex 
in stereopsis, projection, and fusion. 

On change of position of eyes from 
lateral to frontal, with enlargement of the 
binocular field, writers in ophthalmic lit- 
erature stress the connection of these 
changes with the recession of the snout 
(Hicks and Hosford,’? and Bruce**). 
However, these changes are not common- 
ly associated with the substitution of the 
use of the forelimbs for the snout, nor the 
resulting growth of the frontal lobes 
around the centers of association of the 
oculomotor action with forelimb move- 
ment. However, students of human evolu- 
tion point to the use of the forelimbs as 
an important factor in these associated 
changes. Thus Hooton writes: “In the 
modern tarsier, as in the fossil tarsioids, 
this snout reduction and the frontal posi- 
tion of the eyes seem to be associated with 
the emancipation of the forelimbs, with 
hand-feeding, and with the diminishing 
importance of the olfactory sense.’”* Also 
Grafton Eliot Smith states: “The devel- 
opment of areas of visual, auditory, mo- 
tor, and sensory areas of cortical repre- 
sentation seems to have been associated 
with the increased use of these senses 


brought about by the life in the trees, the 
erect-sitting posture, and the freedom of 
the hands for tactile and prehensile 

It is important, therefore, in connection 
with the postulation of the visual-kinetic- 
coordinate, to find supporting evidence in 
anatomy and phylogeny.: Smith points 
further to “the enormous expansion of 
the cerebral cortex in the transition from 
the tarsioid to the true monkey by con- 
trasting the brains of Tarsius and Hapole. 
There is a sudden increase, not only in 
the visual territory, but in almost every 
other neopallial area, tactile, motor, 
acoustic, and prefrontal. The latter is 
peculiarly significant. For experimental 
researches (Sherrington and others) have 
demonstrated that the prefrontal area 
(the cultivation of which is related to the 
process of learning to perform skilled 
movements) is more especially associated 
with the acquisition of a wide range of 
conjugate movements, and of the power 
of exact convergence. . . . Moreover, the 
oculomotor nucleus in the mid-brain is 
remodelled so that it can effect automati- 
cally the conjugate movements of the eyes, 
which the prefrontal cortex can conscious- 
ly construe.” 

Also, “the facts relating to the evolution 
of the cerebral cortex in the Primates sug- 
gests the explanation of how these abili- 
ties, which in their fully developed form 
are so distinctive of Man, have been ac- 
quired by the progressive cultivation and 
cooperation of vision and touch with the 
acquisition of skill in movement. The 
parietal area is the chief instrument 
whereby this intimate correlation of visual 
and tactile experience is acquired. The 
hand becomes the sense organ for this 
enormously enhanced aptitude for tactile 
discrimination, whereby the nature of 
things is so largely estimated and their 
meaning and identity established. The 
area concerned with these functions de- 
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rives its power of spatial reference main- 
ly from its connexion with the visual cor- 
tex.” 

The anatomic findings appear to be 
similarly in accord with this thesis. Rea 
states that: “The primary optic centres 
are also connected with the nuclei of the 
third, fourth, and sixth cranial nerves by 
means of the posterior longitudinal bun- 
dle. Also, there is a connection between 
the superior colliculus by means of the 
mesial fillet, and cord.’27 This connection 
points to an association between oculomo- 
tor function and body-limb movement. As 
Duke-Elder points out: “When the neo- 
pallium assumed control of the voluntary 
movements of the body through the cere- 
brospinal tracts, a neighboring region as- 
sumed control over the oculomotor activi- 
ties,’’1® 

In quoting B. Brouwer, Rea writes: “It 
is stated that 90 percent of the retinal 
fibres of the optic tract pass into the later- 
al geniculate body so that a comparatively 
few retinal fibres pass into the superior 
colliculus . . . these come from the retina 
from the lemniscus (thus making connec- 
tion with the sensory tracts of the medul- 
la and spinal cord. . . . Thus as Whitnall 
remarks, ‘The superior colliculus may be 
regarded as a ganglionic centre for the 
co-ordination of the visual impressions 
with those of other regions of the body 
influencing its movements.’”’.. . 

“The relation of the optic thalamus to 
the cerebellum and red nucleus, as well as 
its relationship to the precentral convolu- 
tion, makes it most probable that it is in- 
timately related to the movements of the 
eye and the higher visual functions of 
stereoscopic vision.” 


It appears from a consideration of the 
suggestive evidence in Phylogeny ang 
anatomy that the neopallium was built y 
largely around centers associating the 
motor control of the limbs with the bin. 
oculomotor coordination of the eyes, 
This, in association with the areas for 
proprioceptive sense from the limbs and 
eye muscles and in association with the 
visual sense areas, apparently forms the 
general cerebral basis of stereopsis. 


UNIFICATION OF IMAGES—AN 
OCULOSOMATIC PROCESS* 


“Receptors which initiate reflex movements 
adapted in regard to objects at a distance, ini- 
tiate as sense-organs sensations projected into 
circumambient sensual space.”—C. Sherring- 
ton.” 

The main question as originally stated 
in “The problem” is now to be faced, 
How, or by what process does the “appro- 
priate motor reaction” to the retinal 
stimuli effect the “fusion” or unification 
of the two visual images into a single 
visual perception? In attempting an an- 
swer to this question, it is first necessary 
to define, from the points of view of the 
stated theory, the conception of the cause- 
and-effect relation between the conscious 
visual images and the “appropriate motor 
reaction.” 

In doing so it will not be attempted to 
demonstrate a priori, by rationalization, 
the presence of a conscious visual image 
in a field. It is merely proposed to infer 
from the considerations of this evolu- 
tional review of projection and stere- 
opsis (as well as from available clinical 
and experimental evidence*) that an ap- 
propriate body-limb response to a retinal 
stimulus produces (localizes) a visual 


*I am indebted to Dr. F. H. Verhoeff for the fruitful suggestion to use the term “unification” 
in place of “fusion.” —“A new theory of binocular vision.” Arch. of Ophth., 1935, v. 14, p. 419. 

+ Evidence that localization of an image in a visual field is not a purely sensory phenomenon, 
but is a sensory-motor-response process (forelimb-motor as well as oculomotor), may be derived 
from the following experiments: “K. S. Lashley destroyed symmetrical portions of the hemi- 
spheres of the cerebral cortex in rats. In a few cases, the visual nuclei of the thalamus or the 
superior colliculi were destroyed. After the operation, the animals were tested for their ability 


is, 
cep 
duc 
vis 
fiel 
“f 
of 
his 
to 
Int 
cal 
is 
st 
the 
19. 
m<¢ 
ar 
th 
fc 
ot 
je 
th 
a 
0 
0 


FUSION, PROJECTION, AND STEREOPSIS 1327 


jmage in a corresponding field. This view the nervous system,” is quoted here as 
js, of course, the converse of the ac- follows: “The singleness of the binocular 
cepted one, that a retinal stimulus pro- perception results from union of these 
duces an appropriate motor reaction to a elaborated uni-ocular sensations. The 
yjsual image already present in a given  singleness is’. . . the product of a syn- 
eld. thesis that works with already elaborated 
How are these conscious visual images sensations contemporaneously proceed- 
“fysed” or unified? The valid conclusion - ing. ... Here we seem to have, therefore, 
of Sherrington from his experiments, in contemporaneity of itself sufficing for 
his basic work, the “Integrative action of sensual synthesis, without necessarily any 


to distinguish the position, distance, and pattern of objects, with the following results: (1) 
Interruption of the optic radiations at their emergence from the internal capsule abolishes all 
capacity to react to visual objects, although the ability to distinguish between light and darkness 
is retained.” Conversely, “(2) Destruction of a small area in a lateral part of the area 
striata of the cortex abolishes the capacity to distinguish between visual patterns but leaves 
the capacity to distinguish the position and, to some extent, the distance of visual objects. . . .” 
—_—“Mechanics of vision.” Jour. Comp. Neurol., Dec., 1921; Abs. Practical Medicine Series, 
1932, p. 199. 

Other experimental work demonstrates the effect of destruction of oculomotor and forelimb- 
motor areas in the frontal lobe. on the perception of objects in corresponding visual fields. 

“Previous investigations on the functions of the frontal lobes in monkeys showed that the 
animals from which an entire frontal lobe had been removed did not appear to see objects in 
the contralateral field of vision. The present study localized the exact cortical area responsible 
for these visual changes. . . . Extirpation of area 8, a small region lying inside the curvature 
of the arcuate sulcus, was invariably followed by failure to respond in a normal manner to ob- 
jects placed in the contralateral visual field. The defect in vision could not be distinguished from 
the true hemianopia following amputation of one occipital lobe.”—“Alterations in response to 
visual stimuli following lesions of frontal lobe in monkeys,” by M. A. Kennard. Arch. Neurol. 
and Psychiat., v. 41, p. 1153; Abs. Arch. of Ophth., 1940, v. 24, p. 829. ; 

The significance of the experimental results is enlarged and clarified by the clinical findings 
on the effects of impairment of areas associating the centers of oculomotor and forelimb-motor 
control with the visual sensory areas. “Several writers have described in connection with lesions 
of the brain an inability of the patient to localize correctly objects seen in the three planes of 
space and to estimate absolute and relative distance. This impairment . . . is designated 
‘defective spatial orientation in the visual fields.’ . . . While Holmes found that the impairment 
involved the visual field as a whole and was associated with a bilateral lesion of the brain, 
Riddoch reports that defective orientation may occur in the homonymous half field alone and be 
the result of a unilateral lesion of the opposite parietal lobe of the brain. The records of two 
cases are presented in both of which the defect appeared unmistakable. In both cases the defect 
was present without any significant limitation of the visual fields, and the visual acuity was 
fair... . He concludes, ‘Visual disorientation may occur when the association pathways from the 
calarine visual cortex to other parts of the brain are interrupted and, so far as is at present 
known, the nodal point appears to be in the region of the supramarginal and angular gyri in the 
parietal lobe.’”—‘Visual disorientation in homonymous half fields,” by F. Riddoch. Brain, 
v. 58, p. 376; Abs. Arch. of Ophth., 1935, v. 16, p. 317. 

Kanzer and Bender also report that “Spatial disorientation was found in a patient with defects 
in the left homonymous field of vision and symptoms of a tumor in the right cerebral hem- 
isphere.” They conclude: “Spatial agnosia usually is associated with homonymous hemianopia, 
but may be found in the presence or normal visual fields.”—“Spaiial disorientation with homony- 
mous defects of the visual field,” by Mark Kanzer, and Morris B. Bender. Arch. of Ophth., 
1939, v. 21, p. 439. 

The different experimental results together with the clinical findings appear to lend support 
to the postulation that “an appropriate body-limb response to a retinal stimulus produces 
(localizes) a visual image in a corresponding field.”” The paradoxical clinical findings of “de- 
fective spatial orientation . . . without any significant limitation of the visual fields, and fair 
visual acuity (Riddoch),” “so that an object seen . . . can not be grasped” (Duke-Elder, p. 287), 
may be correlated with our interpretation and diagrammatic representations of the process of 


localizing an image in a field. 
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BINOCULAR 


Fig. 2a (Franklin). Formation of a “true” image. Line of 
retinal-image projection (r.i.p.) and line of limb-movement direc- 
tion (l.m.d.) are codirectional toward image in contralateral field, 
forming “normal coérdinate lines of projection.” Crossing of tem- 
poral fibers, with nonconvergence for various planes of fixation. 
Right cerebral association (R.C.A.) of the left temporal retina 
with the left limb. (—) Object not “present” in field. (+) Object 
“present” in field. (The terms “contralateral” and “homolateral” 
have reference to right or left forelimb and not right or left 
cerebral area.) 

As shown in figure 2a, an object placed in the right field is 
not “present” to right “limb-motor response consciousness”’—hence 
the right homolateral field is “empty.” (Trace from left field to 
right temporal retina, through left cerebral association, to right 
limb.) On the other hand, the object is “present” to the left “limb- 
motor response consciousness” in the right contralateral field. 
(Trace from right field to left temporal retina, through right 
cerebral association (R.C.A.) to left limb). The line of limb-move- 
ment direction (l.m.d.) and the line of retinal-image projection 
(r.i.p.), both directed toward the contralateral field and both lines 
converging upon the real object in space, may be called the normal 
or basic codrdinate lines of projection. (Again, this formulation 
is not to be taken in a rigid, geometric sense, but in a dynamic, 
functional sense.) 


spatial fusion of the neural processes or 
mechanisms involved, i.e. without spatial 
confluence to a unit apparatus. 

“There is no denying the extreme im- 
portance and the vast actual extent of the 


spatial conjunction of cerebral elements 
by conductive channels in sensual and 
perceptual reactions. Yet I cannot but 
think that its limitless postulation leads 
not so much to explanation of the high 


Sher 
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Fig. 2b (Franklin). Formation of a “false” image. “Real ob- 
ject” may be anywhere along r.i.p. to which right limb-movement 
direction (l.m.d.) is contradirectional. Noncrossing of temporal 
fibers in semidecussation when not converging for near plane 
of binocular fixation. Left cerebral association of left temporal 
retina with right limb (compare fig. la). (+) “real object.” 
(+) “false image” (compare with fig. 2a). 

In figure 2b, an object placed in the right binocular field is 
“present” to right “limb-motor-response consciousness,” in its 
own (homolateral) field, but as a “false” image. This falsity is 
due to conflicting, contradirectional lines of projection (contrast 
with direction of codrdinate lines in fig, 2a). The “limb-movement 
direction” (l.m.d.) being “instinctively” towards the contra- 
lateral field (as in lower animals with completely crossed tem- 
poral fibers), while the line r.i.p. is directed contradirectionally 
towards the right-limb homolateral field. It should be noted that 
as to the retinal projection of the image—it may be anywhere 
along the line r.i.p., while a psychoneuro-muscular mechanism for 
coordination of line of retinal-image projection with a contra- 
directional limb movement is not inherent or provided in the 
organism, hence a “false” image. 


degree of unity of the individual mind as__ the root of the solution of the problem of 
to an ultimate fallacy which Professor the unity of mind,”’** 

James has trenchantly termed that of ‘the As to the function of consciousness as 
pontifical cell.’ Pure conjunction in time “an adjunct to reflexes,” Sherrington 
without necessarily cerebral conjunction points out that “It is significant that, al- 
in space (in the cerebrum—I.F.) lies at though the reflexes controlled are so often 
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Fig. 3a (Franklin). Unification (or “fusion”) of two retinal 
images into a single “true” image. “Normal coordinate lines of 
projection” for all planes of binocular fixation, without conver- 
gence, and with decussation of temporal fibers. No diplopia (see 


fig. 2a and compare with fig. 3b). 


In figure 3a, object (in center of binocular field) is “not present” 
in the homolateral field to “motor-response consciousness” of each 
limb, but is present in its contralateral field (see fig. 2a). There- 
fore each limb “moves” toward an “image” in the contralateral 
field, in a line codirectional—that is, normally codrdinate with the 
line of retinal projection—apprehending the “real” single object 


in space. 


unconscious, consciousness is adjunct to 
the centres which exert the control... . 
Lloyd Morgan, has urged that ‘the pri- 
mary aim, object, and purpose of con- 
sciousness is control.’?? Now, as it con- 
cerns visual consciousness, it is, as 
Duke-Elder states: ‘The essential and 
primary function of vision is . . . the con- 
trol of movements.’ ” 

Accordingly, my conception of the 
process by which “the appropriate motor 
reaction” to the retinal stimuli effect the 
fusion or unification of the two sensual 
images into a single visual perception may 


be formulated, by stating that the two 
sensual images in the visual field are 
united into a single perception by the 
contemporaneous movement (actual or 
potential) of each forelimb (and side of 
body) toward the image in the contra- 
lateral field, resulting in (or tending 
toward) the prehension of or contact with 
real object in space. 

On the basis of this general conception 
of projection and fusion, the interpreta- 
tion of the processes involved in these 
functions will be presented more con- 
cretely. What is the relation of “false” 
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Fig. 3b (Franklin). “False” images and “diplopia.” When visual 
axes remain parallel (when not converging for near object) in case 
of noncrossing temporal fibers (see fig. 2b and compare with 


fig. 3a). 


In figure 3b each limb “moves” toward image, which is “pres- 
ent” to it, in its own homolateral field, but finds no object (—) 
(as explained in fig. 2b). This results in two “false” images, or 
“diplopia,” when images of a near object fall on temporal retinas, 
while visual axes remain parallel for distance (physiologic crossed 


diplopia). 


images and “true” images to the “real” 
object in space? How is single vision ef- 
fected, or diplopia avoided, in complete 
optic decussation? How does incomplete 
decussation induce diplopia? How is this 
diplopia overcome by convergence? 

In submitting my attempt to illustrate 
diagrammatically an answer to these spe- 
cific questions, I proceed from the initial 
point of view (in “Primitive stereopsis”’) 
in which the temporal retinal origin of 


the “principal visual line” connecting with 
the “object of interest” in the center of 
the binocular field was stressed. Accord- 
ingly, in the interpretive diagrams, ex- 
clusive consideration is given to the 
temporal halves of the retinas (the optic 
fibers that are crossed at one evolutional 
level and uncrossed at another )—disre- 
garding the nasal retinal halves (the 
fibers of which are crossed at all evolu- 
tional levels ).* 


*“The temporal region of one retina works partly with the opposite temporal region and 
partly with the opposite nasal region, whereas the nasal regions never work together. Hence the 
temporal fibres from both sides must also run in contiguity, and therefore there are both 
direcf and crossed (macular) temporal fibres in each tract.”—Duke-Elder, “Text book of oph- 


thalmology,” v. 1, p. 267. 
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Fig 3c (Franklin). Unification of images, or overcoming of 
diplopia, through shifting images into opposite fields, by means 
of convergence. When visual axes do not converge for near object, 
l.m.d., is toward images in homolateral fields (light shading), re- 
sulting in false images and diplopia. Convergence of visual axes 
for near object moves image on retinas (+) from temporal posi- 
tion to macular, which has the effect of shifting projected images 
into opposite fields, from homolateral to contralateral. The hands 
then “move” toward images in contralateral fields (heavy shad- 
ing). 

Figure 3c shows how in case of noncrossing temporal fibers, 
when eyes converge for a near plane of binocular fixation, the 
effect is to have images exchange fields—so that these are to the 
right and left “limb-response consciousness,” as in the case of the 
crossed temporal fibers—in contralateral fields. They are thus 
“reached” for and are “united” in the seizure of the object, as 
in the case of nonconverging eyes and completely crossed temporal 
fibers (compare with figs. 3a and 3b). 


It is generally accepted that the pur- 
pose of the temporo-nasal retino-cerebral 
conjunction is “the bringing the taxis of 
the two eyes into line with that of the 
body as a whole,” and also, to codrdinate 
each forelimb with its corresponding vis- 
ual field. I hold, then, in accordance with 
this view, that this temporo-nasal coér- 
dinate is concerned with the visual per- 
ceptions and the oculo-limb activities in 
the two dimensional frontal plane. In this 
presentation, however, I deal primarily 


with bitemporal retinocerebral coordi- 
nation, which, in accordance with this 
theory, is concerned with the visual per- 
ceptions and the oculosomatic activities 
within the third dimensional plane, or 
between a series of frontal planes, and 
which activities are the processes involved 
in projection, fusion, and stereopsis. 
Furthermore, I substitute the “retinal- 
image projection line” and the “limb- 
movement-direction line,” respectively, 
for the “principal visual line” and the 
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line,” of ancient 
phylogenetic origin, thus contineing the 
“pordinate lines of projection” in a 
higher evolutional form. (The obvious 
inaccuracies in these diagrams, such as 
the nodal points appearing outside of the 
eyes, OF the incomplete overlapping of 
felds, are intentional—in order to stress 
dynamic-functional relations between 
retinal portions and their corresponding 
visual fields, in contrast to recognized 
geometric-optic relations, see figure 2a). 

This formation of a single “true” image 
_that is, one that corresponds to the 
“real” object in space—by movement of 
each limb, actual or potential, toward an 
image in the contralateral field, is a projec- 
tional process, which is not only normal, 
but is biologically (phylogenetically) basic 
and “instinctive” (fig. 2b. See “Primitive 
stereopsis’’). 

We may consider, then, that while the 
retinal projection of an image into the field 
homolateral to the limb because of non- 
crossed temporal fibers is a late acquire- 
ment in phylogeny, the older and more 
basic tendency for limb movement towards 
an image in the contralateral field, as in 
animals with crossed temporal fibers, per- 
sists and is “instinctive” in higher animals 
with noncrossing temporal fibers (fig. 3a). 

Whether the unification of two retinal 
images into one “true” image takes place 
in animals with crossed temporal fibers 
without convergence, and in animals with 
noncrossed temporal fibers with conver- 
gence—in either case “fusion” is the uni- 
fication of projected retinal images into a 
single “true” image (that is, correspond- 
ing to the real object in space) by appre- 
hension of the latter, by the two limbs 
moving (actually or potentially) toward 
the images in the opposite, contralateral 
side of the binocular field (fig. 3b). 

An illuminating simple experiment, is 
the limb reaction to the double image of a 
near object, with visual axes parallel, as in 
the familiar phenomenon of physiologic 


1333 


crossed diplopia. The right hand moves 
toward the right image and finds nothing ; 
but the left hand moves toward the same 
image on the right and seizes the object. 
In other words, the same image is a “false” 
image to the limb reaction homolateral to 
its field, and a “true” image to the limb 
reaction contralateral to its field. It may be 
said, then, that in this experiment there is 
a “false” image in each homolateral field— 
for the right and left limb reaction, which 
constitutes the “diplopia” for the organism 
as a whole. 

The resulting diplopia in higher animals 
with incomplete decussation is overcome 
(as will be seen presently) by shifting of 
the projected retinal images into the op- 
posite, contralateral field (by means of 
convergence adjustment) thus reéstablish- 
ing the normal codrdinate lines of projec- 
tion, on a unidirectional basis (see fig. 3c). 

With noncrossing temporal fibers, as in 
man, diplopia is overcome by converging 
visual axes for various planes of binocular 
fixation, by which means projected retinal 
images are shifted into opposite fields and 
the phylogenetically basic conditions for 
“fusion” reéstablished. It may be said, 
then, that in man depth perception by con- 
vergence of the visual axes from one plane 
of fixation to another is an unstable proc- 
ess, in which the recently acquired dy- 
namic phase of diplopia, between the 
fixations, alternates with the more ancient 
static phase of fusion, during the fixation. 


SUMMARY 


The thesis in this presentation is that 
the accepted concepts of stereopsis, pro- 
jection, and fusion are sensory-psychic 
abstractions, concepts in which motor- 
reaction factors are largely disregarded. 
These phenomena are conceived essen- 
tially apart from the time or duration 
element. Hence only geometric optical 
relations, quite static in character, are ob- 
served. 

In contradistinction to this (but not 


, 
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necessarily in contradiction) this pres- 
entation posits the concept in which 
stereopsis, projection, and fusion are 
dynamic-functional processes, in which 
motor reactions are actual or potential. 
Accordingly, these phenomena are here 
interpreted as locomotion and prehension 
functions or processes—ancient spatial- 
reaction complexes, in which the body and 
limb movements have evolved from an 
actual to a potential form. 

It appears that the core of the problem 
in any theory of stereopsis and projection 
is the question of “fusion” or unification 
of images. There is, on the one hand, the 
classic conception of “a faculty of sub- 
limation of the two sensory impressions 
into a unitary perception.” Opposed to 
this is the purely mechanistic interpreta- 
tion which invites us “to see a sufficiently 
real fusion of the two uni-ocular patterns 
in the appropriate motor reaction.” It has 
been submitted that it is not apparent in 
what manner a unitary perception is 
formed from the two sensory impres- 
sions, or by what processes the fusion of 
the two uniocular patterns is achieved by 
the appropriate motor reactions. 

It seems the problem is here formulated 
in more concrete terms, by asking: By 
what process is diplopia avoided in com- 
plete optic decussation? Or conversely, 
How does nondecussation of temporal 
fibers induce diplopia? How is this dip- 
lopia overcome, or unification of images 
effected by means of convergence? This 
seems to involve the question, What is 
the relation of “true” images and “false” 
images to the “real” object in space? An 
answer is attempted in a phylogenetic re- 
view of the spatial reactions of organ- 
isms, from primitive vertebrates to the 
Primates. 

In the lower vertebrates, which have no 
overlapping of the visual fields, projec- 
tion and stereopsis consist of actual body 
movement toward the “object of interest.” 
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This movement toward the goal is guided 
by the line of direction of movement of 
body, in response to orientational “im. 
pacts” from surrounding objects jn the 
visual field. The partial images at the 
binocular center of nonoverlapping fields 
are united in contact with the object, in the 
stated processes of stereopsis. On the basis 
of vital biologic reaction, the principal 
visual image line, and the body-limb moye. 
ment line became fixed together (phylo. 
genetically) as basic and “instinctive” 
These lines tend, even under primitive 
conditions, codirectionally toward the con. 
tralateral field, and continue in higher eyo. 
lutional levels as the normal or basic “co- 
ordinate lines of projection.” 

The simple projection-stereoscopic 
process, with nonoverlapping fields, js 
adequate for the lowly aquatic vertebrate, 
with a relatively slow moving large “ob- 
ject. of interest” at the binocular center, 
However, a nonoverlapping field presents 
no extended area at the binocular center 
that can contain the entire moving object 
to which the organism can react with a 
sustained bilaterally balanced forward 
movement. Hence adequate stereoscopic 
reaction to relatively fast-moving small 
objects requires an overlapping field. 

The development of overlapping fields 
causes the formation of two whole im- 
ages, which are “projected” into contra- 
lateral fields “beyond” the real object in 
space. Fusion or unification of the two 
images under these conditions is still by 
prehension of the object, actually or po- 
tentially. The required neuromuscular- 
reaction complex becomes fixed in the 
phylum and the impulse for each limb or 
side of body to move toward the image in 
the contralateral field becomes basic and 
“instinctive.” These movements tend to 
become potential rather than actual and 
projection and stereopsis tend to acquire 
an anticipatory character. 

The general olfactory-tactile visual 
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FUSION, PROJECTION, AND STEREOPSIS 


complex of water-life ancestry tended un- 
der land conditions to become differenti- 
ated into the olfactory-visual complex and 
the visual-tactile complex as guides for 
animal movement. As in the case of over- 
lapping fields, these evolutional trends 
appear on the whole to be determined by 
the herbivorous or carnivorous habits of 
the mammals. In the Carnivora the fore- 
limbs assume the additional function of 
weapons of offense and prehension. Thus 
the kinesthetic and tactile sense of the 
forelimbs, associated with the visual 
sense, becomes the complex that guides 
the animal’s movement. 

Free and effective use of one forelimb 
in its binocular field (in the frontal plane) 
requires a single cerebral representation 
of the homolateral (nasotemporal) reti- 
nal portions for coordination of the limb 
with object in the binocular field. How- 
ever, the full development of convergence 
and the rearrangement in the course and 
the distribution of the temporal optic 
fibers probably took place simultaneously 
in response to the associated requirements 
of the early Primates, arising from the 
mode of locomotion through space— 
swinging from branch to branch with one 
hand. 

The need for an exact sense of distance 
of the object in space necessitated the 
association of proprioceptive sense from 
the ocular muscles and from the limb and 
body muscles during the flight through 
space. Thus “exact projection” is achieved 
through convergence of visual axes for 
various distances, which is coordinated 
with limb and body movements—and on 
the basis of bitemporal rather than naso- 
temporal retinal representation. 

The concept of the eye-limb-body com- 
plex in stereopsis appears to have ample 
support in phylogeny: “. . . experimental 
researches (Sherrington and others) have 
demonstrated that the prefrontal area 
(the cultivation of which is related to the 
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process of learning to perform skilled 
movements) is more especially associated 
with the acquisition of a wide range of 
conjugate movements, and of the power 
of exact convergence.” “When the neo- 
pallium assumed control of the voluntary 
movements of the body through the cere- 
brospinal tracts, a neighboring region 
assumed control over the oculomotor ac- 
tivities.” Findings in anatomy point def- 
initely to a basic association of visual- 
sense oculomotor activity, and body and 
limb movements: “. . . retinal fibers pass 
into the superior colliculus . . . these come 
from the retina, from the lemniscus (thus 
making connection with the sensory tracts 
of the medulla and spinal cord)... . Thus 
as Whitnall remarks, ‘The superior col- 
liculus may be regarded as a ganglionic 
centre for the co-ordination of the visual 
impressions with those of other regions 
of the body influencing its movements.’ 

A basic inference from the phylogenetic 
review of projection and stereopsis is 
that an appropriate body-limb response to 
a retinal stimulus localizes a visual image 
in a corresponding field. This view ap- 
pears to have support in experimental 
and clinical evidence, relative to the effects 
of impairment of cerebral areas associat- 
ing the centers of oculomotor and fore- 
limb motor control with visual sense. The 
finding of “defective spatial orientation, 
without limitation of visual fields, and fair 
visual acuity” may be interpreted on the 
basis of the above conception of the 
localization of an image in a field, by the 
appropriate body-limb response to a reti- 
nal stimulus. 

On the basis of this view on the local- 
ization of an image in a field and the 
conclusions of Sherrington on “contempo- 
raneity of itself sufficing for sensual syn- 
thesis” we accordingly formulate our con- 
ception of the process by which “the 
appropriate motor reaction” to the retinal 
stimuli effect the fusion or unification of 
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the two sensual images into a single visual 
perception: The two sensual images in 
the visual field are united into a single 
perception by the contemporaneous move- 
ment (actual or potential) of each fore- 
limb (and side of body) toward the im- 
age in the contralateral field, resulting in 
(or tending toward) the prehension of or 
contact with the real object in space. 

With this basic conception in mind an- 
swers are given to the specific questions: 
What is the relation of “false” images 
and “true” images to the “real” object in 
space? By what process is single vision 
effected, or diplopia avoided, in complete 
decussation? How does incomplete de- 
cussation induce diplopia? By what proc- 
ess is this diplopia overcome by con- 
vergence? 

(1) The formation of a “true” image 
and a “single” image in decussation of 
temporal fibers is shown to depend on the 
“presence” of an image in a field con- 
tralateral to the side of the body and fore- 


ISADORE FRANKLIN 


limb response, and codirectiona] With 
principal visual image line. 

(2) Conversely, the formation of . 
“false” image and of “diplopia” in nop, 
crossing of temporal fibers is dependent 
on the “presence” of the image in a fielg 
homolateral to the side of the body-limb 
response, and contradirectional with the 
principal visual image line. 

(3) The diplopia in subtotal decusso. 
tion is overcome, or the unification of 
images effected, by means of convergence, 
by shifting of the projected retinal jm. 
ages from homolateral into contralateral 
fields, thus reéstablishing the “normal or 
basic coordinate lines of projection,” 

Finally, to reémphasize, the diagram- 
matic figures in this presentation are to 
be taken not as expressing optical- 
geometric relations, but as illustrating, in 
a general way, the processes involved in 
the oculosomatic reactions in fusion, pro- 
jection, and stereopsis. 

647 North Third Street. 
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PRIMARY SARCOMA OF THE CHOROID 
REPORT OF A CASE 


AARON Bartow, M.D. 
Philadelphia 


In their writings and discussions, 
ophthalmologists and ocular pathologists 
who are especially interested in intra- 
ocular neoplasms almost invariably make 
a plea for the report of every case of 
intraocular tumor. This, together with the 
time element involved in the evolution of 
the tumor, prompts me to report the fol- 
lowing case. I have had the rare oppor- 
tunity to observe the progress and clinical 
course of the tumor from its very in- 
cipiency to its termination in glaucoma 
and enucleation, over a period of almost 
13 years, with a subsequent follow-up for 
another 7 years until the recent death of 
the patient as the result of cerebral 
hemorrhage at the age of 67 years. At no 
time during the 20-year period of obser- 
vation were there any clinical evidences 
of metastasis. 


CASE REPORT 


Mrs. B. G., aged 47 years, came to the 
eye clinic of the Mt. Sinai Hospital on 
December 22, 1922, complaining of fail- 
ing vision in the left eye. She gave a 
history of having fallen and struck the 
left eye about three years previously. The 
consequent swelling disappeared in about 
two weeks, after the application of hot 
compresses. Medical aid was not sought 
at that time. Later, however, the patient 
discovered that she could not see with 
this eye. 

Vision O.D. was 20/30; O.S. percep- 
tion of fingers at 6 inches. External ex- 
amination was negative. Ophthalmoscopic 
examination of the right eye was nega- 
tive. The left eye showed an elliptical, 
slightly elevated, reddish area of what 
looked like a solid edema of the retina 
above and extending downward to the 


macular region. Urinalysis was negative. 
The patient did not return for treatment 
but went elsewhere and had glasses pre- 
scribed. 

She returned on January 30, 1926, 
chiefly for a change of glasses. The left 
eye ached and teared occasionally. Vision 
in the right eye was 20/20; in the left 
eye, it sufficed to count fingers at 8 feet, 
eccentric. Inspection externally was nega- 
tive; the intraocular pressure was nor- 
mal. Ophthalmoscopically, the right eye 
was normal. The left eye showed a linear 
opacity in the lens cortex at the 7-o’clock 
position. Through the upper part of the 
well-dilated pupil was seen an opaque, 
grayish body extending upward and out- 
ward and well forward into the vitreous 
(fig. 1). This was nearly spherical, 
sharply circumscribed, about the size of a 
large myopic disc. Its margins were 
everywhere free, so that the whole mass 
appeared to be suspended in the center 
of the vitreous midway between the lens 
and the disc, without any visible attach- 
ments. Above and to the temporal side 
about one third of the disc was obscured 
by the mass. The remainder of the disc 
was plainly visible, with fairly well- 
defined margins and normal blood vessels. 
The anterior surface of the mass pre- 
sented an abundant supply of fine blood 
vessels which were lost at the margins. 
The fundus, excepting the part hidden 
from view, presented no abnormalities. 
To the inner side of the mass there was 
a small cone-shaped, fixed, vitreous 
opacity with a fine, short, undulating fila- 
ment attached to its base. Transillumina- 
tion revealed a translucent mass with a 
thickened capsule. The Wassermann test 
was negative. 
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I presented this case before the Section 
on Ophthalmology of the College of 
Physicians of Philadelphia on February 
18, 1926. The fundus drawing (fig. 1) 
was made at about the same time. After 
reading glasses were prescribed the 
patient discontinued her visits to the 
clinic. 

She returned on December 12, 1928, 


AARON BARLOW 


turned to normal. X-ray studies of the 
sinuses revealed cloudy ethmoids and 
antra. The results of all other tests and 
examinations were normal. There was no 
clinical evidence of metastasis. The ten. 
sion in the right eye was normal throy h- 
out, and vision was 20/20. The left eye 
was blind. Enucleation was advised but 
refused. The patient was discharged 


Fig. 1 (Barlow). Ophthalmoscopic view of the fundus, showing 
sarcoma of the choroid. The sketch was made 16 years before the 


patient died. 


suffering from an acute glaucoma in the 
left eye. She stated that she had gone to 
another hospital for a change of glasses. 
The doctors put drops and a needle in 
the eye (presumably in an attempt to tap 
the cystic-looking mass). A few days later 
the eye became red and painful and she 
vomited. She was admitted to the Mt. 
Sinai Hospital for observation and treat- 
ment. She responded well to miotic 
therapy, and in a few days the pain sub- 
sided and the intraocular pressure re- 


against advice on December 18, 1928. 

On March 26, 1935, she appeared 
again, complaining of occasiona! pain in 
the left eye. Examination of the right 
eye uncovered no pathologic changes; of 
the left eye as follows: The bulbar con- 
junctiva was dusky bluish in color with 
prominent ciliary vessels; the cornea 
slightly hazy, the anterior chamber shal- 
low; the pupil irregular, semidilated, and 
fixed. Tension was 90 mm. Hg (Mc- 
Lean). 
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Ophthalmoscopic examination revealed 
a narrow zone of fundus reflex on the 
nasal side, but no details. The rest of the 
fundus was obscured by a large globular 
mass occupying the entire vitreous cavity. 
Only the sharply rounded margins on the 
nasal side of the mass could be made out. 
Enucleation was urged and again refused. 
About three months later the eye became 
acutely inflamed and painful. The patient 
consulted another ophthalmologist who 
diagnosed acute glaucoma and advised im- 


Fig. 2 (Barlow). Photo- 
micrograph of sarcoma of the 
choroid, showing round and 
spindle-shaped cells (260). 


mediate hospitalization and operation. 
Iridectomy was performed, but several 
days later the eye had to be enucleated. 


Dr. Percy DeLong returned the following 
pathologic report: Mixed-cell sarcoma, very 
vascular; secondary glaucoma. 

Macroscopic examination: The normal globe 
when sectioned revealed a shallow anterior 
chamber, a vitreous cavity filled with sero- 
fibrinous exudate, and a large neoplasm which 
occupied two thircs of the vitreous body. 

Microscopically, the cornea was practically 
normal. The anterior chamber was _ shallow, 
partially filled with some extravasated blood; 
the filtrations angles were completely obliter- 
ated. The iris showed evidence of a chronic 
inflammation manifested by many new-formed 
blood vessels whose walls were unusually thick 
and distended with blood. The stroma was also 
filled with new-formed fibroblasts. The lens 
showed cataractous changes in the peripheral 
layers. The ciliary body showed evidence of 
chronic inflammation, manifested by fibrous- 
tissue proliferation, many new blood vessels, 
and definite fibrous-tissue organization. The 
posterior chamber was partially filled with 


serofibrinous exudate. The subchoroidea an- 
teriorly showed marked evidence of edema as 
did the choroid throughout. The choroid also 
showed a marked distension of its blood vessels. 
The retina was detached from the choroid by 
a serous exudate. In sections cut, the vitreous 
chamber was almost completely filled with 
neoplasm, which was composed of many cells, 
both round- and spindle-cell shaped (fig. 2). 
This neoplasm extended down into a kettle-pot 
excavation of the optic nerve. The optic nerve 
showed a definite metastasis, which was lo- 
cated along the blood vessels in the center of 
the nerve just behind the lamina cribrosa. 


During the following seven years I 


was from time to time in touch with the 
patient’s attending physician, who re- 
ported that she was alive and well. In 
February, 1942, she suffered an apoplectic 
stroke and was admitted to the Philadel- 
phia General Hospital, where she died 
about a week later. There were no clinical 
nor post-mortem evidences of metastasis, 
and the autopsy revealed the condition to 
have been entirely vascular in origin. 


COMMENT 


A review of this case would lead to the 
conclusion that, as far as life is concerned, 
failure to enucleate early does not neces- 
sarily mean a death sentence from me- 
tastasis, just as early enucleation is no 
assurance against metastasis and death.* 


* Statistics vary, but on the whole the 


chances are even. 
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In this case the tumor was evidently en- 
tirely primary in nature and remained so 
throughout life. However, there is no 
foretelling whether metastasis will or will 
not occur, and there is no known method 
of treatment by which the tumor can be 
kept confined to the eye. 

The histogenesis of malignant tumors 
of the uveal tract, whether pigmented or 
unpigmented, remains a_ controversial 
subject. According to latest researches, 
there is good reason to believe that these 
neoplasms develop from the cells of the 
sheath of Schwann, and are therefore 
neuro-ectodermal in origin. Based on this 
theory, Dr. Louis Lehrfeld of Phila- 
delphia, in a recent article in this Journal 
(February, 1942), has suggested the 
retrobulbar injection of alcohol into the 
ciliary nerves as a means of destroying or 
checking the progress of the tumor in 
the eye. In the meantime, it would appear 
that, in the presence of a reasonably cer- 


BARLOW 


tain diagnosis, early enucleation should 
be the election of treatment and the much 
safer course to pursue, since in any event 
the eye is lost. 


SUMMARY 


A case of malignant sarcoma of the 
choroid in the left eye in a woman aged 
47 years is presented. The family history 
was essentially irrelevant, and there were 
no discoverable hereditary influences 
The eye had been injured several years 
prior to the onset of symptoms ( failing 
vision) and the discovery of the tumor. 
Enucleation was performed 13 years 
later, following iridectomy for glaucoma 
and extension of the tumor forward. The 
patient died of cerebral thrombosis 7 
years after enucleation, or 20 years after 
the discovery of the tumor. There were 
no clinical nor post-mortem evidences of 
metastasis. 
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ANATOMIC FACTORS THAT INFLUENCE THE DEPTH OF THE 
ANTERIOR CHAMBER; THEIR SIGNIFICANCE* 


Capt. H. SAut SuGar, M.C., U. S. Army 


Vancouver, Washington 


In a previous paper’ it was pointed out 
that acute glaucoma is based on mechani- 
cal obstruction to the absorption of aque- 
ous as a result of shallowing of the 
anterior chamber and angle. The factors 
influencing the depth of the chamber were 
divided into two groups, anatomic and 
physiologic. The physiologic group, in- 
cluding accommodation, pupillary dilata- 
tion, and ciliary congestion, has been 
considered. The anatomic group is the 
subject of the present paper. 

Four factors that influence the depth of 
the chamber are included in the anatomic 
group. These are: (1) Errors of refrac- 
tion, (2) continuous growth of the lens, 
(3) the size of the cornea, and (4) the 
thickness of the iris. 


ERRORS OF REFRACTION 


It has been frequently noted that acute 
glaucoma usually appears in hyperopic 
eyes, whereas highly myopic eyes are al- 
most never involved with this form of 
glaucoma.” In a series of 45 patients who 
had acute glaucoma and have been the 
subjects of a previous report,’ I found 
7 myopic and 56 hyperopic eyes. The re- 
fractive error was not known in the case 
of the others. Of the hyperopic eyes, 
40 were glaucomatous and 16 were their 
nonglaucomatous mates. The myopic eyes, 
all glaucomatous, were in the age group 
from 58 to 73 years. All of them had 
nuclear sclerosis and two had definite 
lenticular opacities. Some may have been 
hyperopic earlier in life. At any rate it 
appeared to be true that the eyes of most 


*From the Barnes General Hospital. A con- 
tinuation of work done under a grant from the 
Kellogg Foundation of Battle Creek, Michigan. 


of the patients with acute glaucoma were 

hyperopic. Data from the glaucomatous 

eyes of this series are tabulated in table ' 
In order to establish more definitely the 


TABLE 1 


THE REFRACTIVE ERRORS PRESENT IN 47 EYES 
WITH ACUTE GLAUCOMA 


Case Age Refractive Error 

1 21 +4.00 +1.00 X60 
2 38 +8.00 +0.50 X180 
3 39 +4.50 +1.00 X60 
4 39 +2.00 +0.25 x90 
5 39 +1.25 120 

6 40 +1.00 +0.50 x90 
7 41 +0.75 

8 41 +0.75 +0.50 X15 
9 42 +1.25 +3.25 X95 
10 44 +2.00 

11 47 +2.50 +3.00 X90 
12 47 +1.50 X90 

13 47 +3.00 +1.00 X90 
14 48 +1.50 

15 48 +3.50 

16 50 +2.50 +0.75 x90 
17 50 +0.50 

18 51 +3.00 

19 51 +2.25 

20 54 +4.25 -0.50 X165 
21 54 +1.50 X20 

22 56 +1.75 

23 56 +4.00 +0.75 X180 
24 58 +6.00 

25 58 +6.00 +1.75 X145 
26 58 +0.25 +0.50 X30 
27 58 +0.37 +0.50 X165 
28 58 —1.50 

29 58 —1.50 

30 59 —0.50 -—0.50 X90 
31 61 +2.25 

32 64 +3.50 

33 64 +1.75 

34 64+ +1.75 

35 65 +1.00 

36 66 +2.00 +1.00 X90 
37 66 +0.25 +0.50 
38 68 +1.25 +0.50 X90 
39 68 +2.50 

40 69 +3.00 +0.50 X90 
41 69 +2.50 +2.50 X90 
42 69 +1.50 

43 69 —2.50 

44 69 —2.00 -—2.50 X45 
45 70 +3.00 

46 71 —1.25 -—0.50 X45 
47 73 —1.00 
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relationship between refractive error and 
depth of the anterior chamber, I tabulated? 
a series of 191 nonglaucomatous emme- 
tropic and hyperopic eyes of patients 
whose age ranged between 25 and 45 
years. The data were taken from the 
tables of Rosengren* (table 2). The 
spherical equivalents were used for the 
refraction values. Although a marked in- 
dividual variation existed, the averages 


TABLE 2 


THE RELATIONSHIP BETWEEN CHAMBER DEPTH AND REFRACTIVE ERROR IN INDIVIDUALS BETWEEN 
THE AGES OF 25 AND 45 YEARS, INCLUSIVE , 


H. SAUL SUGAR 


hydrobromide cycloplegia. For those 
over 45 years of age retinoscopy under 
mydriasis (l-percent paredrine hydro. 
bromide) was employed. Immediately 
after refraction, the right eye of each 
patient was examined to determing the 
depth of the anterior chamber, A direct 
method of measurement* was used, py 
means of a slitlamp beam and a monocy. 
lar microscope containing a graticule 


Hyperopic Refractive Error 
Age 
0 to 0.50D. | 0.75 to 1.00D. | 1.25 to 1.50D. | 1.75 to 2.50D. | 2.75 to 3.500, 
(mm.) (mm.) (mm.) (mm.) (mm.) 

25 3.55 (3) 3.59 (8) 3.57 (5) 

26 3.79 (3) 3.36 (5) 

27 3.57 (4) 

28 3.36(3) 3.48 (7) 

29 3.79 (2) 3.54 (3) 3.46 (3) 3.54 (2) 

30 3.80 (2) 3.63 (6) 3.12 (2) 

31 3.27 (6) 3.79 (6) S.o8 (2) 

32 3.43 (6) 3.36 (8) 3.16 (4) 

33 3.89 (2) 3.16 (2) 3.48. (2) 

34 4.15 (2) 37% 13) 

35 3.44 (7) 3.46 (5) 2.98 (3) 2.294) 

36 3.85 (3) 3.60 (3) 3.38 (4) 

37 3.62 (2) 3.90 (2) — 2.95 (2) 

38 3.44 (4) 3.61 (2) 3.20 (2) 3.5% @) 

39 3.24 (4) 3.45 (2) 

40 3.42 (3) 3.32 (10) 3.07 (3) 

41 3.33'(7) 3.29 (6) 3.26 (3) 

42 3.49 (8) 3.48 (11) 3.50 (6) 2.83 (3) 

43 3.50 (6) 3.45 (7) 3.38 (10) 3.19 (3) 

44 3.38 (8) 3.44 (15) 3.32 (4) 3.09 (3) 2.91 (1) 
45 3.45 (8) 3.37 (9) 3.26 (5) 

Average of 
above values 3.50 3.45 3.34 3.47 2.1 


e Figures in parentheses indicate number of eyes in each group. 


indicated that with an increase in hyper- 
opic refractive error, there was an asso- 
ciated decrease in the depth of the an- 
terior chamber for individuals of the 
same age group. This study has been 
further elaborated in a study of 398 con- 
secutive normal patients seen in the Eye 
Clinic of the Barnes General Hospital 
(U.S. Army). The patients in this group 
were between the ages of 18 and 60 years. 
All of those up to the age of 45 were re- 
fracted under 5-percent homatropine- 


marked in tenths of millimeters in its 
eyepiece. The slitlamp beam was focysed 
on the corneal apex perpendicular to the 
plane of the iris. The microscope was 
focused on the beam at an angle of 45 
degrees. The apparent depth of the cham- 
ber was corrected for the angle of view. 
No correction was made for the corneal 
refraction. Because of convenience the 
right eye was measured in each case; 
both eyes usually have the same chamber 
depth. The age, the refractive error in 
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the meridian of least refraction, and the 
anterior-chamber depth of each of the 
308 eyes were recorded, and the averages 
jetermined (table 3). The graphic re- 
gilts are shown in graph 1. (Single cases 
in any group are not represented in the 
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in the age group from 18 through 29 
years (293 cases), however, indicate the 
general truth of the first conclusion. The 
averages in the second and third groups 
serve only to indicate the truth of the 
second conclusion. The irregularity of the 


graph. ) curve for the third group is due partly 
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Graph 1 (Sugar). The relation between refractive error and anterior-chamber depth. 


Three points are evident from this 
tabulation : 

1, In individuals of the same age group 
there is an average decrease in the depth 
of the anterior chamber as the myopia 
decreases and the hyperopia increases. 

2. In eyes with the same refractive 
error the chamber depth decreases as age 
increases. 

3. There is considerable individual 
variation in the relation between chamber 
depth and refractive error. The averages 


to the smaller number of cases and partly 
to the definite marked individual varia- 
tions. 

In the consideration thus far, the total 
refraction has been correlated with the 
depth of the anterior chamber. Of more 
importance is the noncorneal refraction, 
which is an index of the axial length of 
the eyeball. By subtracting the corneal 
refraction (which was measured with a 
Universal keratometer) from the total 
refraction of each of 281 eyes of the 
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group of 398, the noncorneal refraction 
of each eye was determined. Table 4 was 
used to determine the noncorneal refrac- 
tion of each eye from the total refractive 
error and the corneal refraction (consid- 
ering the total refraction of the normal 
eye to be 58.4 diopters). A tabulation was 
made of the ages, noncorneal refractions, 
and chamber depths of these 281 eyes 
(table 5). The same general conclusions 
were evident from this group as from 
that listing the total refraction, although 


relationship between the axial length of 
the eyeball (as indicated by the Non- 
corneal refracion) and the depth of the 
chamber. They may be correlated with 
previously published gonioscopic observa. 
tions indicating that more of the trabecy. 
lar wall of the chamber angle is visible jn 
myopic than in hyperopic eyes.5 


CONTINUOUS GROWTH OF THE LENs 


All investigators who have compared 
the depths of the anterior chamber in the 


TABLE 4 
THE DETERMINATION OF THE NONCORNEAL REFRACTION FROM THE TOTAL REFRACTIVE ERROR 
AND CORNEAL REFRACTION (CONSIDERING THE TOTAL REFRACTION OF 
THE EMMETROPIC EYE TO BE 58.4D.) 


Total Refractive Error as Determined by Retinoscopy and Subjective Examination 


Refraction | —s.00D.| —4.00D.| —3.00D.| —2.00D.|—1.00D.|_ 0 +1.00D.| +2.00D.| +3.00D.| +4.00D, +5.000 


Corneal* 
49D. 14.4D. |} 13.4D. | 12.4D. |} 11.4D. | 10.4D. 
48D 15.4D 14.4D. | 13.4D 12.4D. | 11.4D 
47D. 16.4D. | 15.4D 14.4D. | 13.4D. | 12.4D. 
46D. 17.4D. | 16.4D. |} 15.4D. | 14.4D. | 13.4D. 
45D 18.4D 17.4D. | 16.4D 15.4D 14.4D 
44D 19.4D 18.4D. | 17.4D 16.4D 15.4D 
43D 20.4D 19.4D. | 18.4D 17.4D 16.4D 
42D 21.4D 20.4D. | 19.4D 18.4D 17.4D 
41D 22.4D 21.4D. | 20.4D 19.4D 18.4D 
40D 23.4D 22.4D 21.4D 20.4D 19.4D 
39D 24.4D. | 23.4D 22.4D 21.4D 20.4D 


9.4D 8.4D. 7.4D. 6.4D. 
8. ‘ 


5 
6 
7 
8 
9 
-4D. | 11.4D. | 10. 
15.4D.| 14.4D | 13.4D.| 12.4D 11.4D. 10.4D. 
13 
14 
15 


* Measured in meridian of least refraction. 


here several new factors were introduced. 
First, not all emmetropic eyes have the 
same total refraction of 58.4D., which 
was assumed, In addition the effect of 
lenticular astigmatism and the variations 
in the corneal refraction, depending on 
slight changes in the area of the cornea 
observed, could not be accounted for. In 
spite of that, the general trend of in- 
creasing chamber depth with increasing 
noncorneal refraction is present. The sec- 
ond and third age groups (graph 2) in- 
dicate in general the decrease in chamber 
depth with increasing age. Individual 
variations are marked especially when 
the number of cases is small. Groups with 
single cases are not represented on the 
graph. 

These findings tend to indicate that 
there is a definite though not absolute 


various age groups have agreed that as 
new lens fibers are added throughout life 
the size of the lens increases. This is well 
shown in table 2. 


THE SIZE OF THE CORNEA 


Priestley Smith compared the size of 
the cornea in glaucomatous and nonglau- 
comatous eyes and concluded that it was 
somewhat smaller in the former group. 
He, however, did not distinguish between 
the various forms of glaucoma. The fac- 
tor of abnormally small size of cornea 
and anterior segment was present only 
once in the series presented in this paper. 
This was found in a white man, aged 
27 years, whose corneal diameters were 
9.5 mm., the refractive error +0.50D., 
and the anterior-chamber depth 2.11 mm. 
as compared to the average of 2.61 mm. 
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for 10 other individuals of the same age 
and refractive error. The noncorneal re- 
fraction was 14.8D. One other individual 
of the same age group and with the 
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SIGNIFICANCE 
These findings have considerable sig- 


nificance in the etiology of acute glau- 
coma. By provocative dilatation of the 
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Graph 2 (Sugar). The relation between noncorneal refraction and anterior-chamber depth. 


same noncorneal refraction had a cham- 
ber depth of 2.82 mm. 


THE THICKNESS OF THE IRIS 


Though it does not influence the axial 
depth of the anterior chamber, the vary- 
ing thickness of the iris, especially in its 
cilary portion, has great significance in 
changing the depth of the peripheral por- 
tion of the anterior chamber. 


pupil of patients with shallow anterior 
chambers, it has been previously? shown 
that in the etiology of acute glaucoma a 
definite relationship exists between the an- 
terior-chamber and angle depths, the size 
of the pupil, and the thickness of the 
dilated iris. If to the shallowness of the 
anterior chamber that is associated with 
senility there is added one or more of 
the other anatomic factors (hyperopia, 
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small size of the cornea and anterior 
segment, and increased iris thickness) or 
such physiologic factors as pupillary dila- 
tion, accommodation, and ciliary conges- 
tion, the angle of the anterior chamber 
can be blocked by the iris, thus precipitat- 
ing acute glaucoma. 

The shallowest anterior chamber ob- 
served in this series of cases measured 
1.48 mm. Provocative dilation of the 
pupil with 5-percent homatropine hydro- 
bromide was not effective beyond 5 mm. 
No change in the ocular tension was ob- 
served. Previous provocative tests’ were 
positive in eyes with the following an- 
terior-chamber depths: 0.51 mm., 0.92 
mm., 1.13 mm., 1.18 mm., 1.36 mm., 1.55 
mm., 1.55 mm., respectively. It would 
seem therefore that chambers measuring 
1.55 mm. or less should always be sub- 
jected to provocative tests.” 

The results of this study add also to 
the significance of the classification of 
glaucoma introduced in previous pa- 
pers,’ ° especially in indicating the defi- 
nite etiologic differentiation between 
acute glaucoma, glaucoma simplex, and 
other forms of glaucoma. Perhaps their 
greatest significance is in the problem of 
preventing acute glaucoma. With etiologic 
knowledge of this form of glaucoma, 
physicians who properly observe and 
follow their elderly patients from the 
points of view of anterior-chamber depth 
and refractive error, as well as the other 
physiologic and anatomic factors in- 
fluencing the depth of the chamber, can 
prevent a great deal of physical and eco- 
nomic suffering in a considerable portion 
of the population. Since gross shallowing 
of the anterior chamber is recognized 
when the depth is reduced to 1.83 to 1.69 
mm., it should be possible to recognize 
many cases of potential acute glaucoma 
before the anterior chamber reaches the 
shallowness usually associated with spon- 
taneous acute glaucoma. 


Among the possible preventive meas. 
ures are: 1. Tonometric measurements 
following mydriasis should be made on, 
the eyes of all patients over 40 years of 
age, especially those having hyperopic 
refractive errors, and on those of any 
patient whose anterior chamber is grOss- 
ly shallow. The latter should have such 
measurements repeated at six-month jn- 
tervals. Mydriasis is not only important 
for this reason but for proper examina- 
tion of the fundus oculi as well. It js 
probably best to use paredrine hydro- 
bromide 1 percent at first, and, if, nega- 
tive, 2-percent homatropine hydrobro- 
mide. 

2. Miotics always should be used after 
mydriasis. 

3. Atropine should be used with care 
in the elderly. In such elderly individuals 
who require cycloplegia because of 
iridocyclitis, it may even be necessary to 
use homatropine instead. The intraocular 
pressure should be carefully followed. 

4. Patients who, after mydriasis, show 
increased intraocular pressure (above 40 
mm. Hg Schiotz in cases of acute glau- 
coma) may be tactfully told of the 
possibility of increased tension under cer- 
tain conditions, and the necessity of pre- 
senting themselves for observation at 
regular intervals. 

5. Since patients who develop acute 
glaucoma pass through a definite non- 
congestive phase, the patient should be 
taught to seek medical advice when the 
early symptoms of blurred vision and 
headache appear. When patients are seen 
by the oculist during the noncongestive 
phase, the tension can always be normal- 
ized by the use of a single drop of pilo- 
carpine. The drug can then be used pro- 
phylactically to keep the chamber angle 
open. 

The problem of prevention requires 
the codperation of the oculist, the general 
practitioner, and the public. All must be- 
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come glaucoma conscious. The medical 
group must be aware of the etiologic 
differences between the various forms of 
iaucoma as well as their treatment. The 
general public must be educated to seek 
proper medical advice early. 


CONCLUSIONS 


1, As age advances, the crystalline lens 
increases in size, thus decreasing the axial 
depth of the anterior chamber. 

2. The depth of the anterior chamber 


appears to have a definite relationship 
to the refractive error of the eye. Myopic 
eyes tend to have deeper anterior cham- 
bers whereas the hyperopic have rela- 
tively shallower chambers, This is related 
to the axial length of the eyeball. 

3. The importance of the anatomic fac- 
tors in the etiology of acute glaucoma is 
emphasized. They are significant in mak- 
ing possible measures for the prevention 
and early detection of this condition. 

Barnes General Hospital. 
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THE USE OF PSEUDO-ISOCHROMATIC CHARTS IN DETECTING 
CENTRAL SCOTOMAS DUE TO LESIONS IN 
THE CONDUCTING PATHWAYS* 


Louise L. SLOAN, PH.D. 
Baltimore, Maryland 


The pseudo-isochromatic charts de- 
vised by Ishihara, and other similar charts 
used to detect congenital color blindness, 
may also be used as a quick and simple 
test for the presence of a central scotoma. 
Such a test is of definite value in a pre- 
liminary eye examination to determine, 
prior to refraction and perimetric studies, 
whether subnormal visual acuity is due 
to uncorrected refractive error or to a 
central-field defect. In order to determine 
whether or not subnormal acuity can be 
improved by glasses, it is necessary either 
to refract the patient, or to determine by 
some simpler process whether the reduced 
acuity is due to refractive error or to 
ocular pathologic changes. The use of a 
pinhole disc gives valuable information, 
but since subnormal acuity with the pin- 
hole disc is not always indicative of 
ocular disease, the pseudo-isochromatic 
charts may give corroborative evidence as 
to the cause of the reduced acuity. 

The edition of the Ishihara used in this 
study contains plates of several different 
types.t Four of the charts (plates 2 to 5) 
are so constructed that the normal eye 
sees one number, the congenitally color- 
blind eye an entirely different confusion 
number. Four other charts (plates 6 to 9) 
contain figures that are easily seen by the 
normal, but are read with difficulty or not 


*From the Wilmer Ophthalmological Insti- 
tute of the Johns Hopkins Hospital and the 
Johns Hopkins University School of Medicine. 

+ This edition of the Ishihara charts is no 
longer available. The pseudo-isochromatic 
charts published by the American Optical Com- 
pany and by E. B. Meyrowitz, however, con- 
tain plates of the same types included in the 
original Ishihara edition. 


at all by the congenitally color-blind per- 
son. Two charts (plates 10 and 11) con- 
tain numbers which can be read by the 
congenitally color blind but not by normal 
persons. Plates 12 and 13 each have two 
figures. Both of these are seen by the nor- 
mal, but only one of the two figures can 
be read by the congenitally color blind. 
Two different types of red-green color 
blindness are distinguished by means of 
these plates. A single chart, the first plate 
in the series can be seen by both the nor- 
mal and the congenitally color-blind per- 
son. 

The charts should be viewed from a 
distance of about one meter, and should 
be illuminated by natural or artificial day- 
light. At one meter, the figures on the 
charts subtend a visual angle of approxi- 
mately 3 degrees. Because of the large 
angle subtended, the results of the test are 
not influenced by the presence of uncor- 
rected refractive errors of fairly high de- 
gree. 

Responses given by the normal indi- 
vidual and typical responses of several 
subjects with congenital color blindness 
or color weakness are given in the table 
at the top of the next page. An x is used to 
indicate inability to see any number on the 
chart. 

The characteristic response of the pa- 
tient with a central scotoma is inability 
to read the numbers on one or more of 
the charts. Except in the case of charts 6 
to 9 therefore, the responses due to con- 
genital color blindness may be differenti- 
ated from those due to a central scotoma. 
If the intensity of illumination is very 
low, however, the congenitally color blind, 
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Chart 2/3 10 | 12 | 13 
Number 
| 26| 42 
Comenital | 1. | 12] 3 | | 2 |xx| x |x] x | 2 | x6] x2 
| 12 | 2 | 21 | 25| 24| x |x| s| 2 |2x|4x 
blindness 3 | 6 | 5 2| 6| 5 | 7 | 49| x | 26| 42 
= 


instead of reading the characteristic con- 
fusion numbers, may be unable to read 
one or more of the charts, and so give 
responses that might be confused with 
those due to an acquired color blindness. 
An illumination of 10 foot-candles or 
more should therefore be used. 

I have used these charts for the past 
five years in the preliminary ophthalmo- 
logic examination. If a patient fails to 
read one or more of the charts, but does 
not show responses characteristic of con- 
genital color blindness, detailed perimetric 
studies are made with special emphasis on 
the central fields. The following case re- 
ports have been selected to illustrate the 
value of the charts and their limitations in 
detecting central scotomas. 


Case 1. With the left eye the patient 
was unable to read any of the Ishihara 
charts (15 errors). Perimetric studies 
showed a central scotoma for 0.5 degree 
white (see figure 1A). The corrected 
visual acuity was 20/200. Ophthalmo- 
scopic examination showed pallor of the 
temporal portion of the disc and perivas- 
culitis. The patient had syphilis of the 
central nervous system. 


Case 2. With the right eye the Ishihara 
charts were read as follows: 12, x, x, x, 
XX, X, X, X, X, X, X, 2x, 4x (11 errors). 
Perimetric studies showed a caeco-central 
scotoma for 1-degree red. A 0.5-degree 
blue test object gave a “relative scotoma,” 


‘that is, was seen dimly in the same region 


(see figure 1B). The corrected visual 
acuity was 20/70. Ophthalmoscopic ex- 
amination showed atrophy of the papillo- 
macular bundle. The patient had syphilis 
of the central nervous system. 


Case 3. With the left eye the Ishihara 
charts were read as follows: 12, x, 6, x, 
xXx, X, X, X, X, X, X, xx, xx (12 errors). 
Caeco-central scotomas were found with 
0.5-degree white, 1-degree red, and 0.5- 
degree red test objects. Only the scotoma 
for 0.5-degree red, however, included the 
foveal region (see figure 1C). The cor- 
rected visual acuity was 20/30—1. Oph- 
thalmoscopic examination was negative. 
There was a history of excessive use of 
tobacco. 


Case 4. This patient when first tested 
read the Ishihara charts correctly. Peri- 
metric studies showed no defects for 0.5- 
degree red or 0.5-degree blue test objects. 
The corrected visual acuity was 20/15. 
There was a questionable pallor of the 
temporal portion of the disc of the left 
eye. In retests one year later, with the 
left eye, the patient read the Ishihara 
charts as follows: 12, 8, 8, x, xx, x, X, x, 
x, x, x, 10, 12 (11 errors). Perimetric 
examination showed a caeco-central sco- 
toma for a 1-degree red test object essen- 
tially similar to that in case 2, shown in 
figure 1B. The corrected visual acuity was 
20/30. Upon ophthalmoscopic examina- 
tion a definite pallor of the temporal por- 
tion of the disc was observed. The patient 
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had syphilis of the central nervous sys- 


[A 


la 


Fig. 1 (Sloan). Central scotomas of five 
patients who were unable to read the Ishihara 
charts correctly. Solid =0.5-degree white; 
crosshatched = i-degree red; vertical lines 
= 0.5-degree red; vertical broken lines = 0.5- 
degree red dim. 

A, case 1, central scotoma for 0.5-degree 
white; B, case 2, caeco-central scotoma for 1- 
degree red; C, case 3, caeco-central scotoma 
for 0.5-degree white, 1-degree red, and 0.5-de- 
gree red; D, case 5, central scotoma for 1-de- 
gree red; E, case 6, central scotoma for 0.5- 
degree red. In the region between macula and 
blind spot 0.5-degree red was seen dimly. 


Case 5. At the time of the first tests 
the Ishihara charts were read as follows. 
Right eye—12, 8, 6, 5, 74, x, 6, 5,7,x 
26, 42 (1 error). Left eye—12, 8, 6, 5, 74 
x, x, 5, 7, X, 2, xx, xx (2 errors), Peri. 
metric examination showed central] sco- 
tomas in both eyes for a 0.5-degree req 
but not for a 1-degree red test object. The 
corrected visual acuity was 20/40—2 ip 
the right eye, 20/50 in the left. Upon oph. 
thalmoscopic examination temporal pallor 
of both discs was observed. The causal 
agent was undetermired. Reéxamination, 
using Ishihara charts, six months later 
gave the following results: Right eye— 
12, 8, x, x, 74, 8, 6, 5, 9, x, x, 2x, 4x (5 
errors). Left eye—12, 3, x, 5, 74, x, x, 
5, 9, x, x, 2x, 4x (7 errors). Perimetric 
examination showed in each eye central 
scotomas for 1-degree red. The scotoma 
of the left eye is shown in figure 1D. The 
corrected visual acuity was 20/70 in the 
right eye, 20/200 in the left eye. 


Case 6. The Ishihara charts were read 
as follows: Right eye—12, x, x, x, xx, x, 
x, X, X, x, x, 2x, xx (12 errors). Left 
eye—12, x, x, x, 11, x, x, x, x, X, x, xx, 12 
(12 errors). Perimetric studies showed in 
both eyes central scotomas for 0.5-degree 
red. The scotoma of the left eye is shown 
in figure 1E. The corrected visual acuity 
was 20/30 in the right eye, 20/20—1 in 
the left. Ophthalmoscopic examination 
showed slight blurring of the temporal 
borders of the discs, and slight pallor of 
the temporal portions. A diagnosis was 
made of retrobulbar neuritis, probably a 
tobacco-alcohol amblyopia. 


Case 7. The first tests of the left eye 
were made on August 31, 1935. The Ishi- 
hara charts were read as follows: 22, 
x, X, X, XX, X, X, X, X, X, x, xx, xx (14 
errors). Perimetric examination showed 
a caeco-central scotoma for 1-degree red 
and a paracentral scotoma for 0.5-degree 
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white (see figure 2A). The corrected 
ysual acuity was 20/200+ 1. Ophthalmo- 
scopic examination showed atrophy of the 
papillomacular bundle. Retests on Decem- 
ber 4, 1935, showed definite improve- 
ment. The Ishihara charts were read as 
follows: 12, x, x, 5, 74, 2, 6, 6 or 5, 7, 
x, x, 20 or 26, 42 (2 to 5 errors). There 
was definite improvement also in the 
caeco-central scotoma (see figure 2B). 
The corrected vision was 20/30+2. On 
April 29, 1936, the Ishihara charts were 
read as follows: 12, x, 6, 5, 74, x, 6, 5, 7, 
x, x, 26, 42 (2 errors). The scotoma on 
this date consisted of a smail paracentral 
defect for 0.5-degree red (see figure 2C). 


WW 


Fig. 2 (Sloan). Case 7. Improvement in 
caeco-central scotoma accompanied by decrease 
in number of errors in reading Ishihara charts. 
A, August 31, 1935, paracentral scotoma for 0.5- 
degree white, caeco-central scotoma for 1-de- 
gree red; B, December 4, 1935, scotomas for 
l-degree red and 0.5-degree red; C, April 29, 
1936, paracentral scotoma for 0.5-degree red. 
Color test designations as in figure 1. 


The corrected visual acuity was 20/15—3. 

The results of tests of the right eye 
were essentially similar. Ophthalmoscopic 
examination showed in both eyes pallor 
of the papillomacular portion of the disc. 
A diagnosis of toxic amblyopia was made. 


Case 8. This patient read all the Ishi- 
hara charts correctly. Perimetric exami- 


Fig. 3 (Sloan). Case 8. Paracentral scotomas 
for 1-degree red and 0.5-degree red. Ishihara 
charts were read correctly. Color designations 
as in figure 1. 


nation showed in the right eye small sco- 
tomas for l-degree and 0.5-degree red 
just above the fixation point (see figure 
3). The corrected visual acuity was 20/30. 
Ophthalmoscopic examination was nega- 
tive. The etiology was undetermined. 


DISCUSSION 


The results of my observations over a 
five-year period suggest an approximate 
relationship between the ability to read 
the Ishihara charts, the corrected visual 
acuity, and the density, size, and location 
of the scotoma except in those congeni- 
tally color blind. Patients who were un- 
able to read correctly any of the Ishihara 
charts, as a rule had visual acuities of only 
20/200 and central scotomas for a 1-de- 
gree white test object. Patients who had 
central scotomas for 0.5-degree red, but 
not for 1-degree red, on the whole made 
fewer errors on the charts and had higher 
visual acuity than the patients who had a 
central scotoma for 1-degree red. The re- 
lationship between density of scotoma and 
number of errors in the Ishihara +est is, 
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however, only approximate, because the 
size of the scotoma and its location in re- 
lation to the fovea are also factors influ- 
encing the ability to read the charts. The 
results in case 8, for example, show that 
a small paracentrally located scotoma, 
even though it involves the foveal area to 


Fig. 4 (Sloan). Case 9. Central and para- 
central scotomas in which 0.5-degree blue ap- 
peared dim. Ishihara charts were read correctly. 
Errors were made in reading the Stilling charts 
for testing blue blindness. Vertical broken lines 
= 0.5-degree blue dim. 


a sufficient extent to reduce the visual 
acuity, may not be detected by means of 
the Ishihara charts. 

In the group of patients whose reading 
of the Ishihara charts was faulty, and 
who had defective vision and scotomas, 
the pathologic lesion lay in the optic nerve, 
and the diagnosis was either a retrobulbar 
optic neuritis or an optic atrophy. It is 
well known that such lesions of the con- 
ducting pathways produce scotomas in 
which the perception for red and green is 
diminished to a more marked degree than 
that for blue. Central scotomas produced 
by lesions of the choroid and retina, on 
the other hand, show greater loss of func- 
tion for blue than for red. The Ishihara 
charts which test only the ability to dis- 


tinguish red and green are therefore less 
satisfactory in detecting scotomas asgo¢i.- 
ated with choroidal and retinal lesions, 

Four of the plates in the Stilling series 
of pseudo-isochromatic charts (group x 
in the 1926 edition), composed of blye 
numbers on a confusion background of 
bluish-green dots, have proved of value in 
cases in which there is a central scotoma 
for blue with little or no defect in percep. 
tion for red. An illustration is given by 
the following case. 


Case 9. With the left eye this patient 
read all the Ishihara charts correctly, The 
responses to the Stilling charts were: 92, 
xx, 86, 88 (the correct responses are: 92, 
57, 76, 83). Perimetric studies showed a 
central and paracentral area in which 0,5- 
degree blue appeared indistinct. No defect 
was demonstrable with a 0.5-degree red 
test object (see figure 4). The corrected 
visual acuity was 20/20—3. Ophthalmo- 
scopic examination showed questionable 
slight pigmentary changes in the macular 
region, 

CONCLUSIONS 


In the absence of congenital color blind- 
ness, inability to read the numbers on the 
Ishihara charts is a reliable indication of 
a central-field defect. Normal responses 
do not, however, rule out the presence of 
a central scotoma. Slight depressions in 
color sensitivity, those involving only a 
small area in the central field, and lesions 
of the choroid and retina affecting pri- 
marily perception for blue may not be de- 
tected by means of these charts. Certain 
charts of the Stilling series may be of 
value in detecting central scotomas for a 
blue test object. In spite of their limita- 
tions, pseudo-isochromatic charts are use- 
ful as a preliminary test for the presence 
of a central-field defect because they re- 
quire little time, can be given to unco- 
operative patients, and are relatively un- 
influenced by uncorrected refractive error. 
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EVALUATION OF ULTRAVIOLET LIGHT IN 
OPHTHALMOLOGIC DIAGNOSIS* 


Jacos B. FeLpMAN, M.D. 
Philadelphia 


Luminescence has been defined in broad 
terms as the property which certain bodies 
have of emitting light when exposed to 
light or radiant energy. There are two 
types of luminescence, fluorescence and 
phosphorescence. When the phenomenon 
is transient, the condition is called fluo- 
rescence. When, however, the fluorescence 
continues for some time after the agent 
which excited the phenomenon is with- 
drawn, the condition is called phosphores- 
cence. There are a number of excitants 
that cause either fluorescence or phos- 
phorescence; Drake and DeMent* give a 
list of some 30 of these agents. 

Ultraviolet light is one of the excitants 
of fluorescence. Thus, for example, when 
a blue and green fluorescent light tube is 
viewed in daylight or by regular electric 
light, each will appear as an opaque white 
tube. If, however, these unlit tubes are 
exposed to ultraviolet radiation in a dark 
room, they will luminesce as a light violet 
and green, respectively. 

A crystal of rock salt when acted upon 
by X rays will phosphoresce for about 
half an hour after the initial exposure. 


SOURCES OF ULTRAVIOLET LIGHT 


There are a number of devices now in 
use by which ultraviolet light is obtained, 
for the purpose of investigating the rela- 
tive fluorescence of various bodies. Pos- 
sibly the most practical would include the 
high-intensity black bulbs, Argon and 
Neon gas, and mercury sealed within an 
evacuated quartz tube. I use a mercury 
arc light, of a type generally sold on the 


* From the Laboratory of Ophthalmology, 
Wills Hospital, Philadelphia, Pennsylvania. 


market. This light when used in conjunc- 
tion with a heat-resisting Corning-glass 
filter no. 586 (or better no. 597) will 
transmit radiations of 3,660 A. U. These 
radiations are harmless to the skin and 
eyes. 

For ease in handling, I have perma- 


Fig. 1 (Feldman). Device for obtaining 
fluorescence with ultraviolet rays. A, holder for 
Corning glass filter; B, upright metal rod for 
holding wooden handle of lamp housing; C, 
toggle switch to illuminate lamp housing. 


nently fixed this device, which is equipped 
with a transformer, in a wooden carrying 
case (fig. 1). 

Included in the device is also a perma- 
nent metal frame for the Corning filter. 
An upright metal rod, to the side of the 
transformer, holds the hollow wooden 
handle of the lamp housing when the in- 
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strument is not in use, or when a fixed 
position is desired in treatment. The lamp 
can be held or placed in any position. 
When the switch is turned on, the lamp 
house becomes illuminated and must be 
turned down and out of the line of vision, 
for the unfiltered mercury light may de- 
velop a serious conjunctivitis when looked 
at directly. The light of the mercury lamp 
at first has a bluish tinge, giving off a 
strong ozone odor. After several minutes 
the light becomes whitish, at which time 
the Corning filter is inserted in the holder 
in front of the lamp housing and the in- 
strument is ready for use. 

It is well to remember that in a mer- 
cury lamp, frequent turning on and off 
of the light in the instrument shortens its 
life more than when the light is used con- 
tinuously. Also, when the light is tuned 
off, it takes several minutes for the ma- 
chine to cool before it can again be 
brought into operation. 

As might be expected, fluorescence 
shows up better when the room in which 
the patient is examined is in total dark- 
ness. 

It should also be remembered that it 
takes some time for the observer’s eyes to 
accustom themselves to the darkened sur- 
roundings. This is a distinct disadvantage 
in cataract operations. Radley and Grant? 
quote Guyot as saying that he considers 
five minutes to be ample time for the 
adaptation to take place. This five-minute 
interval also allows for the initial varia- 
tions in the lamp output. Note: This five- 
minute period falls within the normal 
threshold time in dark adaptation.® 


USES FOR ULTRAVIOLET LIGHT 


The number of uses of ultraviolet light 
may run into the hundreds. To mention 
a few: the standardization of materials in 
the textile industry, the determination of 
frauds in gems, the authenticity of docu- 
ments and paintings. Also, detection of 


counterfeiting and theft of stamps o, 


_money. It is claimed that ultraviolet 


examination has a distinct advantage over 
the biologic examination for vitamin A, 
carotene, the vitamin factor B,, and vita- 
mins C and E, The presence of cholestero} 
and other organic chemicals is now de- 
termined by ultraviolet light. The fluores- 
cent microscope is routinely used when 
it is suspected that the definite micro 
scopic structure under examination js 
fluorescent. 

In the human being, fluorescence shows 
itself particularly in the teeth, nails, 
sclera, and lens of the eye. 

Dermatologists have made use of ultra- 
violet rays in establishing clinical diag- 
nosis. Among these, Goodman** has 
given a review of the appearance of the 
skin, by ultraviolet ray, in a large variety 
of diseases. Ray® has discussed the 
fluorescent properties of ringworm. 

The examination of the eye by both 
extremes of the visual spectrum—namely, 
ultraviolet and infrared rays—show each 
to have its specific virtue in ophthalmo- 
scopic study ; however, both infrared’ and 
ultraviolet have the same unfortunate 
common characteristic: with each the 
structural detail is blurred. Thus, for ex- 
ample, when either infrared or ultraviolet 
rays are used for examination, the fine 
architecture of the iris stroma appears as 
a homogeneous brown. Using ultraviolet 
rays, one sees in the center of this brown- 
ish area a fluorescent lens, or, following 
cataract extraction, a dull bluish-green 
area comprising the entire eyeball, with 
no indication of pupillary limits. 

Indeed one cannot even tell by ultra- 
violet illumination whether a lens is nor- 
mal or cataractous, since the fluorescent 
lens shows no color differentiation during 
the various stages of lens opacification. 


DETECTION OF FOREIGN BODIES AND ULCERS 


These may be recognized by ultraviolet 
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light after a weak solution of fluorescein 
or mercurochrome has been instilled into 
the eye. However, this method has no 
great advantage over the ordinary one 
now in use; namely, good illumination 
together with the loupe or slitlamp. 

I have examined eight different types 
of colored spectacle lenses. These all 
showed fluorescence of varying degrees 
and color. This phenomenon has also been 
noted in the case of flint glass. It may 
therefore be assumed that if a pair of 
spectacles should be broken during use 
and glass enter the eye, it would be pos- 
sible to locate and remove from the palpe- 
bral fissure the little slivers of such types 
of glass, by the aid of ultraviolet light. 
Possibly, if a nonfluorescent glass was 
worn, much time might be saved in 
searching for the slivers by instilling 
fluorescein solution, and then examining 
with ultraviolet light. 

When looking at the closed eye with 
ultraviolet illumination, one is impressed 
by the ghastly appearance of the subject, 
particularly the dark pigmentation of the 
skin over the lids as contrasted with the 
rest of the face. This difference in pig- 
ment is of course not observable in the 


Negro, whose dark pigment is uniformly | 


distributed. 

The fact that this portion of the face 
is more pigmented than the surrounding 
area in the Caucasian race can be utilized 
in criminal investigations. By ultraviolet 
examination one can thus readily detect 
if any plastic surgery has been resorted 
to, for the purpose of altering the facial 
expression. 


EXTRAOCULAR STUDIES WITH ULTRAVIOLET 
LIGHT 
Epithelioma treated or untreated had 


no different appearance when viewed by 
ultraviolet light. 


Xanthoma when examined by ultra- 
violet illumination looked to be somewhat 


more pigmented than the surrounding 
area. 


Chalazia did not show anything char- 
acteristic of the condition under this light. 


Pterygium. Pingueculas and fibrous- 
tissue proliferations of sclera, no matter 
how small in size, are easily seen as yel- 
low circumscribed masses. In the Negro 
a pterygium appears as a thick yellow 
band over a dull ivory sclera. In the Cau- 
casian, the pterygium does not appear yel- 
low, but rather as a thin semi-transparent 
membrane, showing much more vascular 
and fibrous detail than is obtained by 
either ordinary light or slitlamp. This 
clearness of topography is a great aid in 
guiding the excision. 


Contusion of the eyeball. Subconjunc- 
tival hemorrhage appears somewhat ma- 
hogany in color. It was significant in the 
examination of one eye that a Bitot spot 
was observed which had been unrecog- 
nized when examined with the corneal 
microscope because it was covered by the 
hemorrhage. Yet by ultraviolet light this 
spot stood out prominently as a small 
raised, grayish, flattened area surrounded 
by blood. 


OCULAR EXAMINATION 


Ciliary injection, even of minor degree, 
appears often as a thick, dark band show- 
ing the pathologic area to be more in- 
volved than is observable when examined 
with the corneal microscope. This bears 
investigation and may prove to be an aid 
in the prognosis and treatment of the 
condition. 


Interstitial keratitis. By infrared pho- 
tography’ the observer is able to tell, in 
spite of an opaque cornea, whether syne- 
chias are present, a coloboma of the iris, 
and other conditions. However, when 
ultraviolet light is used, the denser the 
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cornea, the less can be seen. Thus, in some 
cases, if the corneal haze is denser to one 
side, this side of the pupil is obscured, 
while the clearer portion shows a portion 
of the fluorescent lens. These have been 
my observations in some 47 cases of 
interstitial keratitis. There were, how- 
ever, two interesting exceptions to this 
group, which showed that in some cases 
ultraviolet light has penetrating power. 
Both patients were Negroes. 

(1) G. E., a man, had interstitial kera- 
titis in the right eye. The cornea was so 
dense that no view of iris or pupil was 
obtainable by the use of the corneal micro- 
scope. By ultraviolet light, however, one 
could definitely outline a triangular pupil, 
indicating synechia. 

(2) M. A., a woman, had uveitis in the 
left eye. An irregularly round pupil was 
seen by ultraviolet light. The numerous 
K. P.’s present gave the cornea a pale 
orange, fluorescent appearance. (Corneas 
do not normally fluoresce.) 

It is possible that the fluorescence of 
the K.P. may indicate their chemical con- 
struction and thus aid in the treatment 
and prognosis of the condition. 


Dislocated lens. With the knowledge 
that the lens of the eye is a fluorescent 
substance, it would be logical to assume 
that its dislocation could be easily diag- 
nosed by ultraviolet light. This has been 
indicated by a number of observers, 
among whom are Hildreth,® and Hague.® 
My experience in the following three 
cases differs from that of other observers. 
Here the condition was much more easily 
recognized by the use of ophthalmoscope 
and slitlamp than by ultraviolet light. 

(1) M. G., a butcher, aged 65 years, 
was kicked in the right eye by a lamb 
about to be slaughtered. The lens was 
dislocated, adhering to the iris at the 
3-o’clock position. Tension was 32 mm. 


(Gradle-Schiotz ). 


(2) R. Z., a girl, aged six years, had 
buphthalmus of both eyes. The lens of 
the right eye was dislocated, adherent at 
the 6-o’clock position. Tactile tension Was 
+-+. In these two cases a mydriatic Was 
not used for obvious reasons. 

(3) B. H., a woman, aged 67 years, 
had had a cataract operation on both eyes, 
In the left eye the original von Graefe 
incision was brought out several milli- 
meters before the limbus. An organized, 
small mass was observable in the vitreous 
fixed to the iris at about the 4-o'clock 
position, and encroaching on the pupillary 
area. Ocular tension was 28 mm. Hg. 
(Gradle-Schiotz). Evidently only a por- 
tion of the lens matter had been removed, 
possibly because of previous synechias, In 
this case neither the organized mass nor 
the dense, corneal, linear opacity could be 
seen by ultraviolet illumination, but could 
be readily seen through a loupe or corneal 
microscope. 

Remnants of capsule, so dense as to 
require a secondary needling operation, 
were examined by ultraviolet light prior 
to operation. It was impossible in a num- 
ber of these cases to get a clear idea as to 
where and how thick the bands were. 
Indeed, a most discouraging case was one 
in which a portion of the iris had evi- 
dently been torn loose during a cataract 
operation. Later the loose iris, turning 
on itself, became attached to the free mar- 
gin of the original iridectomy. Ultraviolet 
light failed to show the double pupil pres- 
ent as a result of this mishap. 

The maturity of a lens that is catarac- 
tous and ready for operation is, however, 
more easily recognized by ultraviolet light 
than by ordinary means, since by this light 
and a dilated pupil, the equatorial ring 
shows up very clearly as a narrow black 
ring in contrast with the fluorescent lens. 
When the lens is overripe, this equatorial 
ring is almost obliterated. 

As claimed by Van Lint’ and others, 
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ultraviolet light is useful during the intra- 
capsular cataract operation and when it 
is suspected that the cataract is immature. 
However, one has to contend here with 
the great difficulty of frequently changing 
from ultraviolet light to regular illumina- 
tion; added to which is the time lost dur- 
ing the operation for ocular adaptation 
to the various lights used. 

Possibly the best use for ultraviolet 
light is in the extracapsular cataract oper- 
ation. Here it is quite simple to differen- 
tiate lens matter from fluid vitreous. It 
seems when the lens substance strikes the 
air, it assumes a pure, snow-white ap- 
pearance, thus differentiating fluid vit- 
reous from lens matter. 

At the present time we are utilizing the 
mercury lamp with suitable filters to 
evaluate retinal findings with monochro- 
matic red-free light. A report of these 
cases will be given in the near future. 


SUMMARY AND CONCLUSIONS 


Ultraviolet, like infrared rays, unfor- 
tunately do not show structural detail. 
Thus the iris in each case appears as a 
dense pigmented collar. The infrared are 
penetrating rays, and will produce a pho- 
tograph through dense leucomatous cor- 
nea, showing the condition of the under- 
lying pupil. Ultraviolet light, on the other 
hand, is valuable on account of the lens 
fluorescence obtained. However, the fluor- 


escence of the crystalline lens is not gen- 
erally observable in the presence of even 
moderately severe interstitial keratitis 
with cloudy cornea. 

Ultraviolet light has been used in a 
number of industries, in criminal investi- 
gation, in bacteriologic and biologic exam- 
inations. It has been found useful in 
clinical dermatology. 

In ophthalmology the ultraviolet ray 
can be used in the diagnosis of foreign 
bodies and corneal ulcers. However, our 
present method of good illumination to- 
gether with loupe or corneal microscope 
is possibly more efficient. By ultraviolet 
light the structure of a pterygium is easily 
observed, as is also fibrous proliferation 
over the sclera. Ultraviolet light is not an 
aid in the diagnosis of dislocated lenses. 
The loupe or corneal microscope shows 
up capsular remains to better advantage 
than does the ultraviolet ray. The ripe- 
ness of a cataractous lens may be better 
determined by ultraviolet light. Also of 
value in criminology, is the diagnosis, 
by me*ns of ultraviolet light, of plastic 
surgery to the eye for altering facial ex- 
pression. By far the greatest value of 
ultraviolet illumination is due to the fact 
that by this means one can easily distin- 
guish fluid vitreous from soft cortical lens 
matter. 


37 South Twentieth Street. 
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WHITE RINGS IN THE CORNEA (COATS)* 


JosepH WALDMAN, M.D. 
Philadelphia 


The addition of the corneal microscope 
to the ophthalmic armamentarium was a 
tremendous factor in the advancement of 
more detailed study of the living corneal 
structure. One of the conditions which has 
been more frequently observed since its 
advent is the white ring in the cornea. 
This was first described by Coats’? in 
1912 and subsequently by others. 

The characteristic appearance is that of 
a minute more or less annular arrange- 
ment of whitish-gray or chalky-white dots 
beneath the corneal epithelium, on or in 
the most anterior layer of Bowman’s 
membrane. The ring has been observed in 
practically every quadrant of the cornea, 
either unilaterally or bilaterally. The di- 
ameter is usually not more than 1 mm., 
the average being 0.625 mm. The dots 
comprising the ring vary in number. 
Kuan,’ in a detailed report of 11 cases 
in 8,032 patients, stated that the number 
rarely exceeded 30 in those observed by 
him. The minute bodies are close together 
and frequently coalesce (Duke-Elder*). 
Kuan subdivided the morphologic struc- 
ture into three groups, depending on the 
general distribution of the whitish dots 
as follows: 

Group 1. “The classic form.” There is 
an annular arrangement, well defined at 
the periphery, with some small specks in 
the center. 

Group 2. The tiny specks in the center 
are more abundant and the peripheral 
limit of the ring is less clear, inasmuch 
as the specks are fewer in number in the 
periphery. 


*From the Department of Ophthalmology, 
Service No. 2, Jefferson Medical College. Read 
before the Section on Ophthalmology of the 
College of Physicians of Philadelphia, April 16, 
1942. 


Group 3. One can no longer speak of , 
ring because there is only a rather coarse, 
Cl reular area composed of minute particles 
of various sizes, more abundant in the 
center than in the periphery. 

The overlying epithelium may be per- 
fectly smooth (Ziporkes® and others) or 
slightly elevated (Coats?). Ballantyne’ 
stated that the dots lined a shallow saucer- 
shaped depression and had a faint blue 
or golden color. Kraupa® believed that 
since the cornea intervening between the 
white points is transparent, the ring- 
shaped lesion does not represent a change 
in a preéxisting cicatrix and makes it ex- 
tremely unlikely that injury is the cause, 
Bietti® in an excellent report described a 
slight depression in the epithelium over- 
lying the white rings. The rings have been 
reported in patients of both sexes from 11 
years of age’ to advanced adult life. Some 
writers® have found them associated 
with ocular disease. Others have noted 
their presence in eyes not affected by any 
demonstrable pathologic process. 

Coats’? and Mayou’® considered the 
condition congenital. Others®: 1% 
believe that they are traumatic in origin 
and represent late changes, probably fatty 
in nature, following injuries such as for- 
eign bodies that penetrate beneath the epi- 
thelium. MacRae’ reported a white ring 
associated definitely with a corneal nebula. 
He offered the hypothesis that Bowman’s 
membrane was somehow pathologically 
stimulated to produce drusen that under- 
went calcareous degeneration and _ ulti- 
mately formed white rings. As further 
proof of the traumatic origin, he stated 
that most of the rings reported were in the 
lower half of the cornea—the part most 
exposed to injury. This fact is borne out 
by the cases reported later in this paper. 
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From results of biomicroscopic studies 
alone, Kuan® believes the white rings to 
be due to changes in Bowman’s mem- 
brane. The pathologic processes involved 
were cloudy swelling, coagulation necro- 
sis, fatty degeneration, and incrustation 
with mineral salts. The white rings corre- 
sponded in location to areas from which 
the anterior lamina of Bowman’s mem- 
brane had disappeared. He hypothesized 


neal disease, edema, and the like, were 
not accompanied by the white rings. He 
concluded that the presence of active 
ocular disease, as well as trauma, should 
be definitely considered as a factor in the 
study of the etiology of the white rings. 


CASE REPORT 


The following cases of white rings of 
the cornea have been observed. Figure 1 


Fig. 1 (Waldman). Configuration and distribution observed in five cases of white ring 
in the cornea (Coats). The center picture shows the “side view.” 


that associated with these localized dis- 
turbances there were toxic or trophic 
changes in the terminal corneal-nerve end- 
ings as they passed through Bowman’s 
membrane to supply the epithelium. 

Pathologic reports by Muramatsu’ and 
Uyama”™® stated that the dots were due to 
aggregations of lipoid material in scars 
resulting from foreign bodies. This was 
questioned by Bietti® from a critical study 
of their reports. 

In a pathologic study of three cases of 
white rings associated with some degree 
of ocular disease, Bietti® found that there 
were demonstrable areas of thinning out, 
fragmentation, and cellular changes in 
and under Bowman’s membrane in the 
areas corresponding to the rings, thus con- 
firming some of Kuan’s* biomicroscopic 
observations. Along with these changes 
he postulated that the terminal corneal- 
nerve branches are exposed to the dam- 
aging influences of edema, toxins, or 
trophic disturbances. Nevertheless he was 
puzzled as to why so many cases of cor- 


shows the configuration and distribution 
of these rings on the cornea. 

Case 1. M. M., a white man aged 31 
years, a school teacher, had never been 
exposed to occupational ocular hazards 
and could remember no instance of ocular 
injury. He presented himself for periodic 
ocular examination. His general health 
had always been good. 

The eyes were found to be entirely nor- 
mal except for a low compound myopic 
error in both eyes correctible to 6/5 
vision ; exophoria of 10 degrees for near ; 
the presence of a typical white ring in the 
cornea of the left eye, 0.75 mm. in diam- 
eter, 3 mm. below and nasal to the center 
of the cornea. Biomicroscopically, the 
overlying epithelium was seen to be 
smooth, and did not stain with fluores- 
cein. It seemed to be lying in Bowman’s 
membrane anteriorly. There was no evi- 
dence of any other disturbance in Bow- 
man’s membrane or the underlying sub- 
stantia propria. The dots were contiguous, 
minute, gray-white in color, and numbered 
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approximately 60 (high power). There 
were about 10 dots within the main circle. 
Aside from these, Bowman’s membrane 
appeared to be normal. The corneal sen- 
sitivity was normal at this point and else- 
where on the cornea. There has been no 
change in seven years, nor any evidence 
of disturbance in the corneal nerves bio- 
microscopically. 

Case 2. S. B., a white man aged 46 
years, a machinist, had probably been ex- 
posed to ocular injuries. His general 
health was good. He presented himself 
because of an acute catarrhal conjuncti- 
vitis in both eyes which cleared up satis- 
factorily. Vision was 6/6 mostly, in both 
eyes. Upon ocular examination the right 
eye was seen to have a partial white cor- 
neal ring not quite 1 mm. in diameter at 
the 8-o’clock position, 4 mm. from the 
limbus. The ring was open between 10 
and 1 o’clock. There were about 40 dots. 
The overlying epithelium was smooth. 
The ring seemed to be in Bowman’s mem- 
brane anteriorly. The cornea did not stain 
with fluorescein. No other defects were 
observed. The fundi were normal. There 
was a nebula 2 mm. in diameter below 
the center of the cornea not associated 
with the ring. The corneal sensitivity was 
normal. There has been no change in two 
years. 

Case 3. J. G., a white man aged 53 
years, a shirt maker, had had no ocular 
injury; his general health was good. He 
came for refraction. Ocular examination 
revealed an incipient cataract in the left 
eye. A low mixed-astigmatic error was 
present in both eyes, with 2 degrees of 
left hyperphoria. Best corrected vision 
was R.E., 6/6; L.E., 6/12 mostly. The 
fundi were normal. Biomicroscopic ex- 
amination revealed the presence of scat- 
tered dots in the cortex of the lens of the 
right eye. The lens of the left eye, in 
addition to the dots, had some larger 


radiating opacities in the cortex, A typical 
white corneal ring, 0.5 mm. in diameter 
was seen in the left eye at the 7 o'clock 
position, 31% mm. from the limbus, There 
were approximately 50 dots. Some Scat- 
tered dots were seen within the lower 
part of the ring. There were no othe 
noticeable disturbances in the epithelium, 
Bowman’s membrane, the substantia pro- 
pria, or the corneal nerves. Corneal sensj- 
tivity was normal; there was no Staining 
with fluorescein. The ring was in the sy- 
perficial part of Bowman’s membrane. 
There has been no change in 2% years, 
Case 4. W. B., a white man, aged 26 
years, a school teacher, could recall no 
ocular injury. He came for investigation 
of headache. His general health was good, 
Vision was 6/5 in both eyes. There was 
an exophoria of 10 degrees for near. A 
white corneal ring, 0.75 mm. in diameter, 
was seen in the left eye at the 1-o’clock 
position, 3 mm. from the limbus. Bio- 
microscopically, the dots were chalky 
white, contiguous, and numbered approxi- 
mately 60. There were a few scattered 
dots within the ring. The overlying epi- 
thelium did not stain with fluorescein 
but seemed slightly depressed. There was 
no demonstrable disturbance in the cor- 
neal nerves, substantia propria, nor in the 
section of Bowman’s membrane within 
the ring. The fundi were normal. There 
has been no change in two months. 
Case 5. G. J., a white man, aged 39 
years, a haberdasher, could give no his- 
tory of ocular injury. A low-grade mar- 
ginal blepharitis of both eyes had been 
present for three years but improved con- 
siderably with the treatment of a mild 
chronic rhinitis. There was a moderate 
mixed astigmatic error in both eyes; 
vision could be corrected to 6/5 in each 
eye. Biomicroscopic examination revealed 
a white ring 0.2 mm. in diameter in the 
right eye, composed of discrete white 
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gots, contiguous in some places, in Bow- 
man’s membrane. The overlying epithe- 
ium, the corneal nerves, substantia pro- 
pria, and the rest of Bowman’s membrane 
revealed no abnormalities. Three milli- 
meters below, and slightly temporally to 
the white ring, was a linear arrangement 
of about 10 white dots in Bowman’s mem- 
brane similar to those in the white ring. 
Corneal sensitivity was normal. The fundi 
were normal. There has been no change 
in the ring and line in five years. 


SUMMARY 


Five cases of white rings of the cornea 
are reported. The principal theories as 
to their origin are mentioned. In only 
one case was the patient potentially ex- 
posed to ocular injuries (case 2). There 
were approximately 50 to 60 dots in the 
ring formation, Of the rings reported, 
four were in the lower half of the cornea 
and one in the upper half. No corneal 
changés were found to be intimately asso- 
ciated with any of the white rings, nor 
had there been any instance of severe, 
active ocular disease, past or present, ex- 
cluding cataract. There were no disturb- 
ances in the corneal sensitivity. A shallow 
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depression of the epithelium overlying the 
ring was noted in one case (case 4). There 
were no demonstrable corneal disturb- 
ances other than the white rings in Bow- 
man’s membrane, either in or around the 
rings, nor was there biomicroscopic evi- 
dence of changes in the corneal nerves or 
substantia propria. There has been no 
change in the character of the observed 
white rings. 


CONCLUSIONS 


White rings of the cornea (Coats) oc- 
cur more frequently than the ophthalmic 
literature indicates. A routine, careful, 
biomicroscopic examination of every pa- 
tient would, most likely, reveal many 
additional cases. Since the presence of 
white rings in the cornea causes no dis- 
comfort nor interference with vision, it is 
incumbent upon ophthalmologists to ex- 
amine the cornea biomicroscopically as a 
routine measure, regardless of the ocular 
disturbance present. By this simple meas- 
ure, a true picture of the incidence and 
perhaps the etiology of this condition may 
be established. 


1930 Chestnut Street. 
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NOTES, CASES, 
A MASK FOR EYE OPERATIONS 


Georce L. Kitcore, M.D. 


San Diego, California 


A mask to be used for various kinds 
of operations on the eyes is presented 
(fig. 1). The main functions of this ap- 
pliance are to provide: 

First, a mask that may be quickly and 
adjustably mounted on a table, chair, or 
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towel or other cover over the face and 
eyes of the patient. 

Fifth, a device that permits easy breath- 
ing of the patient while he undergoes an 
operation under local anesthesia, and also 
to permit the administration of oxygen, 
carbon-dioxide, or other gases through 
the device during operations employing 
local or intravenous anesthesias, 

The mask operates as follows: The 
clamp is fastened on the side of the oper- 


Fig. 1 (Kilgore). Side view of mask in position on table and 
placed over the patient’s face. Arrows in the illustration show the 
direction in which the members of the mask and its support can 
be moved. Member (4) illustrates the gas tube attached to the 
lower end of the supporting rod. /nsert illustrates the breathing 
space under the mask when the drapes have been placed over the 


patient’s face. 


the like, and shifted to variable positions 
for various operations on the eye. 

Second, a device that is adjustable up- 
ward and downward and rotatably on 
both the vertical and the horizontal axis. 

Third, a device that is self-supporting 
in the various adjusted positions. 

Fourth, a device that is very flexible 
for change of position in supporting a 


ating table, chair, or the like, in a desir- 
able position as to the patient’s head. The 
supporting rod may be raised and low- 
ered to the proper position to fit over the 
tip of the nose, mouth, and the chin of 
the patient. The mask frame may be 
shifted by revolution at (2) to the de- 
sired position and then secured by thumb 
screw. 
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Towels or other drapes may be placed 
over the frame. The frame will prevent 
the drawing of the towels or drapes to- 
wards the nose and mouth of the patient 
while breathing. 

The rubber hose (4) connects the hol- 
low supporting tube with a supply of oxy- 
gen or oxygen and carbon-dioxide under 
pressure. The gas comes out of the sup- 
porting tube under the mask.* 

625 Broadway. 


HEPARIN IN THE TREATMENT 
OF THROMBOSIS OF THE CEN- 
TRAL RETINAL VEIN OR 
OF ITS BRANCHES 


DANIEL Kravitz, M.D. 
Brooklyn, New York 


Two cases of thrombosis of the central 
retinal vein or of its branches are pre- 
sented i:. which rapid and complete cures 
were obi. ed by the intravenous injec- 
tion of heparin and the more or less em- 
piric use of large doses of citric acid in the 
form of lemons. 


Case 1. J. G., male, aged 58 years, was 
referred by Dr. Michael Spinrad on July 
29, 1941, with the history that the day 
before he suddenly saw a “hair’’ floating 
before the left eye. The morning of the 
examination he noticed that vision in that 
eye was entirely lost. 

Vision: O.D., 20/20. The fundus of the 
right eye showed advanced vascular scle- 
rotic changes. In fact, the patient had 
been under Dr. Spinrad’s care for many 
years because of a systolic pressure rang- 
ing from 180 to over 200 and a diastolic 
pressure around 110. 


*The mask is manufactured and distributed 
by the Simco Company, 640 Bank of America 
Building, San Diego, California. 
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Vision: O.S., detection of hand move- 
ments. The fundus of the left eye showed 
the typical findings of a thrombosis of the 
central vein. The veins were dilated, tor- 
tuous, and dark, and the fundus was a 
mass of dark hemorrhagic areas. The ar- 
teries were very narrow. 

Intravenous injections of heparin were 
advised and were given by Dr. Spinrad. 
In addition, the patient was advised to eat 
6 to 10 lemons daily. 

At the next visit on August 5, 1941, it 
seemed to me that the hemorrhages were 
less marked, and the patient stated that 
he could now perceive shadows. On Au- 
gust 19, 1941, the vision had improved to 
20/200 plus, and the hemorrhages were 
fewer in number. On August 26th, vision 
had improved to 20/40 plus, and on Sep- 
tember 9th vision was 20/30 plus 1. 

During this time the hemorrhages were 
growing smaller and many of the small 
hemorrhages had disappeared. In spite 
of this the veins and arteries had not 
changed in appearance. However, at the 
last visit it was noted that the veins ap- 
peared to be less swollen. The improve- 
ment in vision and in the appearance of 
the vessels continued progressively. On 
December 29, 1941, vision in the left eye 
was 20/25— and only one small hemor- 
rhage was observable in the fundus. The 
veins were still larger than those of the 
other eye. 

At the last visit on February 7, 1942, 
vision in the left eye was 20/25— and 
the appearance of the vessels and the re- 
lation between the arteries and the veins 
were the same as in the right eye. No 
hemorrhages were present. There were 
no pathologic signs of any kind in the eye 


‘to point to the previously existing serious 


condition. 

The treatment, given by Dr. Spinrad 
by the intravenous route in single doses, 
was administered in the following man- 
ner: 
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July 29, 1941—100 mg. 

July 30, 1941—200 mg. 

August 1, 1941—100 mg. 

August 2, 1941—200 mg. 

August 5, 1941—100 mg. - 

August 8, 1941—200 mg. 

August 19, 1941—100 mg. 

August 20, 1941—200 mg. 

August 26, 27, 28, and 

September 2, 1941—100 mg. 

Case 2. T. P., male, aged 24 years, was 
referred by Dr. Harry Mailman on Janu- 
ary 24, 1942, with a history that three 
days previously he had noticed upon 
awakening that the vision of the left eye 
was blurred. Employed at the Brooklyn 
Navy Yard as a shipfitter’s helper, he re- 
ported to the clinic there, where a diagno- 
sis of thrombosis of a branch of the cen- 
tral vein was made. 

Examination revealed a thrombosis of 
the superior, temporal branch of the reti- 
nal vein beginning about 2 mm. from the 
disc and presenting the usual features. 
The vein was dark, dilated, and tortuous, 
and many dark hemorrhages in the tem- 
poral field and in the macular area were 
visible. 

The patient was immediately placed on 
heparin treatment and advised to eat 6 
to 10 lemons daily. 

He was given three doses of 100 mg. 
each, intravenously on January 24, 25, 
and 28, 1942, by Dr. Mailman. When last 
seen on February 17, 1942, only two small 
hemorrhages remained. Vision was 20/20 
plus and equal to that of the right eye. 
A thorough physical check-up, including 
complete blood and urine tests, failed to 
give any clue to explain the thrombosis 
in sO young a person. 

The usually accepted treatment, par- 
ticularly in surgical cases, is the admin- 
istration of heparin by continuous intra- 
venous drip. However, it has been given 
in single doses with good results. This is 
of some importance because in both cases 
here reported the patients were able to 
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carry on their regular work while bein 
treated. The patient in case 1 rested i 
bed for a week only, Primarily because 
of the hypertension. 

Whereas recovery from a thrombosis 
of a branch of the retinal vein is not un- 
usual, this case is remarkable for the ra- 
pidity with which the hemorrhages be- 
came absorbed. Heparin was no doubt 
responsible for this. 

861 Park Place. 


NEEDLE AND NEEDLE HOLDER 
FOR OCULAR AND INTRA- 
NASAL USE 


Lr. Cot. Ropert K. Simpson, M.C. 
Randolph Field, Texas 


The employment of a suture needle 
with the eye at or near the point is by no 
means a recent innovation, and such an 
instrument has many distinct advantages 
in suturing mucous membranes and skin. 
For interrupted sutures such a device fa- 
cilitates the closure of a wound, especially 
when the needle is permanently attached 
to a handle, the needle is -always 
“threaded,” the puncture and counter- 
puncture may be accomplished easily, the 
end of the suture grasped by forceps, ihe 
needle withdrawn, suture cut at the de- 
sired length and tied. It may be used for 
continuous suture in a manner similar to 
the operation of the chain-stitch sewing 
machine. 

In the instrument described, the prin- 
ciple of the cobbler’s awl is employed, 
which has some additional advantages. 
The suture material is contained within 
the handle of the instrument and fed out 
as desired along the shaft of the needle 
to the point, a factor which lessens the 
likelihood of contamination. Further, the 
instrument and the suture material may 
be sterilized together, which is an added 
convenience. This may be done in a con- 
tainer as a metal tube, or large test tube, 
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where it may be kept sterile and ready for 
yse when needed. 

The device in actual size is about that 
of a large fountain pen (fig. 1 is some- 
what reduced). It is made of stainless 


steel and, aside from the needle, consists 


Fig. 1 (Simpson). The instrument ready for use. 


essentially of three parts: (1) the handle 
proper, which is a hollow tube; (2) a 
“chuck,” or locking device for securing 
the needle; and (3) a shaft projecting 
into the hollow handle, which carries the 
bobbin of suture material, the end of 
which is threaded down through a groove 
on the shaft, through the locking device, 
along the shaft of the needle to be 
threaded through the eye at the point (fig. 
2). The locking device permits the needle 
to be held quite firmly in any position 
desired with no danger of rotating. 

The needles used with this instrument 
were actually worked-over sewing- 
machine needles, honed for a cutting edge 
and curved as desired, the latter being 
a difficult procedure, but one that prob- 
ably can be easily accomplished by any 
instrument manufacturer. After heating 
and curving, the sewing-machine needle 
may either lose its temper or be so brittle 
that it readily snaps in two. 

The handle is corrugated to assure a 
firm grip, and being hollow may serve as 
a container for additional filled bobbins 
of various kinds of suture material. 

This instrument was designed and con- 
structed upon the suggestion of Col. 
Fredric H. Thorne, M.C., and the details 
of construction were carried out by a non- 
commissioned officer of the Air Corps, 
who is adept in working with metal where 
precision and accuracy are essential. Only 
one such instrument was made, and for 


Fig. 2 (Simpson). The essential parts 
of the instrument. 


the purpose of serving as a working model 
only. At the time it was designed it was 
intended for use primarily as an instru- 
ment employed in ocular surgery. Colonel 
Thorne has used it as such, and in addi- 
tion has found it very convenient in intra- 
nasal surgery. Major Roy L. Fisher, 
M.C., has used it for the closure of skin 
following appendectomy, with favorable 
comment. It has also been used in closure 
of wounds at Station Hospital, Randolph 
Field. Invariably the only adverse criti- 
cism has been in regard to the needle’s 
breaking too easily. As has been re- 
marked, this is a difficulty which may be 
easily overcome by the manufacture of a 
needle or needles for this specific instru- 
ment. 

It is believed that the suture material 
could be supplied already wound on a 
bobbin. This would be a distinct con- 
venience, as winding the suture by hand 
on the bobbin is a time-consuming and 
tedious procedure. Since the needle has 
been made, and used, it is realized that a 
braking device that will not permit the 
bobbin to spin, allowing an excess of su- 
ture material to pass from the shaft, and 
cause fouling or tangling, should be em- 
ployed. This can be accomplished by add- 
ing a spring friction clip on the bobbin 
holder. 
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SOCIETY PROCEEDINGS 
Edited by Dr. RatpoH H. MILLER 


COLLEGE OF PHYSICIANS OF 
PHILADELPHIA 


SECTION ON OPHTHALMOLOGY 
April 17, 1941 
Dr. Francis Heep ADLER, Chairman 


Is ENUCLEATION INDICATED IN EARLY 
CASES OF INTRAOCULAR MALIGNANT 
MELANOMA? 


Dr. L. LEHRFELD presented a paper on 
this subject which has been published in 
this Journal (February, 1942). 

Discussion. Dr, W. E. Fry said that he 
had had the opportunity to see the sec- 
tions from the two eyes. He thought that 
as far as malignant melanoma of the eye 
was concerned, it was rather difficult to be 
dogmatic. He said that these two cases 
illustrated very well the importance of the 
work that is being carried forward at the 
Army Medical Museum in Washington, 
under Colonel Ash and Dr. Callander, in 
which they followed cases of this type 
throughout the whole country, realizing 
that no one man, because of the infre- 
quency of these cases, can follow enough 
of these cases to draw accurate conclu- 
sions. The classification of Callander, 
which is followed at the Museum, and the 
new silver-staining technique give them 
a fair clue, statistically, as to life expec- 
tancy of a patient following enucleation 
of the eye. In any individual case it may 
be wrong, and they realize that it may be 
wrong, but at the present time it is the best 
classification available. 

In regard to the origin of these tumors, 
it is true that many general pathologists 
consider melanomas as ectodermal in ori- 
gin. Dr. Fry was of the opinion that this 
hypothesis was based upon the report of 
one case in which serial sections were 
done, stained with Masson’s metachro- 


matic method. He thought opinion as to 
the origin of malignant melanomas of the 
eye should be reserved until more work is 
done. 

It was his opinion that an eye should 
be enucleated’ as soon as the diagnosis 
of intraocular melanoma is made. 

Dr. F. H. Adler asked Dr. Lehrfelq 
if he meant to intimate that enucleating 
an eye with a tumor hastened metastasis. 
There is no reason, as far as he can 
see, why this should be so. It is true, if 
one accepts the statistics gathered by von 
Hippel, that the death rate from metas- 
tasis is about the same whether these 
eyes are enucleated early or late. We 
must remember, however, that the term 
“early” is a relative one and what such 
figures really tell us is that we are not 
making our diagnoses early enough, What 
we term “early” is still too late as far as 
metastasis is concerned. The best way to 
denervate these tumors is to enucleate 
the eye. 

Dr. Lehrfeld answered that von Hippel 
reported a mortality of 62 percent after 
five years and 30 percent 10 years after 
enucleation—a total of 92 percent of 
patients suffering from melanosarcoma 
died within 10 years by metastasis to 
other organs following removal of the 
involved eye. 

There are no data comparable with 
these in cases where enucleation was not 
performed. It must, therefore, be as- 
sumed that enucleation itself must have 
some bearing upon metastasis and mor- 
tality. 

Dr. Adler inquired about early enuclea- 
tion to avoid metastasis. The two cases 
just reported prove that early diagnosis 
and early enucleation do not prevent 
death by metastasis. From a_ practical 
standpoint early diagnosis is not often 
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possible. We know that 40 percent of 
cases are diagnosed first by the patholo- 
gist by examination of the enucleated 
eyes. 
“There is no set formula by which a 
positive diagnosis can be made very early, 
particularly a diagnosis that will help de- 
termine the grade of malignancy. 

Should early diagnosis be possible, 
there is no definite proof that enuclea- 
tion will save or extend life. Possibly the 
best treatment of the future will be de- 
nervation followed at a later time by enu- 
cleation. He did not know. Only further 
experiment and trial will reveal further 
information. 

Dr. Lehrfeld conferred with Dr. Wid- 
mann, Chief of the Cancer Clinic of the 
Philadelphia General Hospital concerning 
his proposed plans. He advised that there 
has been advocated the injection of water 
into the body of tumors to make them 
more sensitive to radio therapy. He feels 
that the use of alcohol may be an addi- 
tional advance in making melanosarcoma 
sensitive to radium and the X ray. 

The whole subject is still hazy in our 
minds but further experimentation will 
determine the value of denervation by the 
retrobulbar injection of alcohol. 


OPERATIVE TREATMENT OF EARLY STRA- 
BISMUS 


Dr. G. Grsson reported on a group of 
patients between the ages of three and five 
years, who had concomitant convergent 
strabismus that was not improved by 
glasses after a period of from three to six 
months, They were operated on by a pro- 
cedure of marginal myectomy, and paral- 
lelism was reéstablished postoperatively. 
Within one to two months, these patients 
developed fusion without any training 
exercises. They were left without any 
significant sequela of their strabismus. 
In view of these satisfactory results it 
was suggested that, early in the course of 


strabismus, surgical intervention should 
be initiated in order to permit binocular 
vision to develop before it was too late. 
In view of the possibility of a postopera- 
tive divergence, attention was called to 
the fact that in early strabismus much 
smaller amounts of surgical correction 
are indicated than in long-standing cases 


‘of similar degree. 


Discussion. Dr. Ellis asked if he oper- 
ated on both eyes at the same time, per- 
forming bilateral recessions. 

Dr. Gibson answered that he operated 
on both eyes at the same time if necessary. 


THE PENETRATION OF SULFONAMIDE 
DRUGS INTO THE AQUEOUS HUMOR 


Dr. H. G. Scuere and Dr. B. F. 
Soupers reported on studies made on 
cats’ eyes after oral administration of 
various sulfonamide derivatives. Sulfan- 
ilamide, sulfathiazole, sulfapyridine, and 
sulfadiazine were studied. All except sul- 
fathiazole penetrated into the aqueous to 
give a value of 75 percent of the blood 
level. Sulfathiazole entered very poorly, 
the aqueous content reaching only 18 per- 
cent of that of the blood. This would 
suggest that it would seem inadvisable 
to use sulfathiazole orally in the treat- 
ment of intraocular infections. 

Discussion. Dr. Gibson asked Dr. 
Scheie if he had any clinical experience 
that would parallel this experience to 
prove or disprove his experimental find- 
ings. 

Dr. Scheie answered that he had not 
mentioned any of the clinical experiences 
because the number of the cases in which 
they have used sulfathiazole is very 
small, three to be exact. One was a pene- 
trating wound of the eye in which the 
sulfathiazole seemed to have no effect, 
and one was a postoperative cataract in 
which the drug did not alter the course 
of the infection. The other instance was 
a ring abscess of the cornea. 
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OCULAR CONDITIONS ASSOCIATED WITH 
RHEUMATOID DISEASES 


Dr. M. L. KauFrMan reported that 
the patients studied were from the service 
of Dr. Ralph Pemberton at the Abing- 
ton Memorial Hospital. Twenty-nine of 
117 outpatients and 91 of 96 ward pa- 
tients were examined. Patients with rheu- 
matoid disease have a definitely larger 
number of certain ocular conditions 
than have other people of the same age 
group. 

The conditions found are tabulated ac- 
cording to the age of the patients by dec- 
ades. Uveitis, either old or recurring, was 
the commonest condition found. This was 
closely followed by episcleritis and con- 
junctivitis. The conjunctivitis was apt to 
be subchronic in type and the secretions 
quite dry, the symptoms being more 
marked than the external signs would 
normally warrant. There is suggestive 
evidence that sclerosis of the retinal 
vessels, spastic arterioles, and _ lens 
changes may occur at a somewhat earlier 
age than in the general run of patients. 
Xanthelasma was noted three times in the 
entire group. Nerve-head changes, both 
hyperemia and pallor, were noted several 
times. At least two patients had optic 
atrophy. Partial pallor of the disc was 
seen quite frequently without other oph- 
thalmologic evidence of optic atrophy. 
This may be due to changes in the finer 
vessels, 

Discussion. Dr. F. H. Adler said that 
he was surprised that there were not 
more ocular diseases in a group of pa- 
tients who were hospitalized for a seri- 
ous illness of this sort. There is a group 
of cases of subacute recurring iritis and 
scleritis which are due to rheumatoid 
disease. In addition to this we all know 
that people with rheumatoid disease do 
poorly as a whole under any intraocular 
surgery, particularly cataract extraction. 


PATHOLOGIC PICTURE OF THE RETINAL 

BLOOD VESSELS IN HYPERTENSION, ap 

, AR- 

TERIOSCLEROSIS, AND DIABETES Mgr}. 
TUS 


Dr. P. J. KENNeEDy reported that the 
histopathology of the diseased retinal 
blood vessels is similar to blood-vesse| 
changes elsewhere in the body. The oyt. 
standing fundus picture produced by reti. 
nal disease is that of retinal hemorrhages 
and exudates. These are an indication of 
severity and are not seen early, The hem- 
orrhages result from diseased blood- 
vessel walls, or increased intravascular 
pressure or both. Exudates may be the 
result of previous hemorrhages or the re- 
sult of varying degrees of tissue anoxe- 
mia. Anoxemia causes cellular degenera- 
tion and if it is severe enough causes 
cellular death. 

The size, shape, and definition of reti- 
nal hemorrhages give definite informa- 
tion as to their location in different layers 
of the retina. The size, number, and dis- 
tribution of exudates aid in_ telling 
whether the retinal damage is being 
caused mainly by hemorrhage or by slow 
tissue death as a result of decreased blood 
supply. 

The type of retinitis present is labelled 
by the associated clinical picture. Hem- 
orrhagic, exudative, hypertensive, arterio- 
sclerotic, nephritic, and diabetic chorio- 
retinitis, optic neuritis, and occasionally 
other diseases of the retina are all char- 
acterized by vascular pathology, hemor- 
rhages, and exudates. Histologically the 
vascular picture in all of these condi- 
tions is much the same, and it is the as- 
sociated clinical presence of diabetes, 
hypertension, or kidney disease that deter- 
mines what particular name we should 
give to the condition that is seen through 
the ophthalmoscope. 

Lantern slides with photomicrographs 
of diseased eyes in which the aforemen- 
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tioned clinical conditions were present 
were shown and the similarity of the 
vascular changes in these variously named 
diseases Was pointed out. 

The amount and rapidity of retinal 
destruction in any of these conditions is 
directly proportional to the changes in the 
size of vascular lumens, abnormal vascu- 
lar permeability, and the intravascular 
blood pressure. 

Discussion. Dr. Thomas Cowan said 
that Dr. Kennedy had stated that there 
must be similarities between these various 
conditions. On the other hand, the retini- 
tis due to arteriosclerosis and the retinitis 
due to diabetes are quite dissimilar clini- 
cally. He believed he could tell the dif- 
ference between the two, and that others 
can as well. What are the differences, 
pathologically, which make these condi- 
tions different? He does not believe that 
any of the pathologists have answered 
that question. He thinks that is one failure 
in pathology of the retina. He hopes that 
at some future date either Dr. Kennedy 
or some other pathologist will show the 
differences as well as the similarities. 

Warren S. Reese, 
Secretary. 


NEW YORK SOCIETY FOR 
CLINICAL OPHTHALMOLOGY 


May 5, 1941 
Dr. Morris Davinson, presiding 


THE PRESENT STATUS OF MEDICAL GE- 
NETICS 


Pror. LAURENCE H. Snyper stated 
that recent research in human heredity 
has given rise to a series of practical ap- 
plications in the field of medicine, involv- 
ing diagnosis, prevention, medico-legal 
cases, advice in prospective marriages and 
pregnancies, and early prognosis. These 
applications come about as a result of the 


principles of genetics. The following ge- 
netic facts and principles are taken as 
axiomatic in the application of the laws of 
heredity to medical problems: 

1. There are some 20 major kinds of 
hereditary behavior now known. 

2. The biologic basis for these major 
kinds of hereditary behavior, has been 
adequately established in animals and 
plants by experimentation. 

3. Man fulfills the biologic require- 
ments for being subject to the same laws 
of heredity as other organisms. 

4. Numerous hereditary factors are 
associated with the chromosomes. Under 
the influence of the chromosomes the cy- 
toplasm may in certain instances act as 
an organizer or conditioner of heredity, 
resulting in apparent “extrachromoso- 
mal” factors. 

5. Mental traits have their basis in 
physicochemical structure and are suscep- 
tible to the same laws of heredity as phys- 
ical traits. 

6. Hereditary and environmental influ- 
ences are cooperative in the production of 
finished characters. 

In order to derive acceptable practical 
applications from the genetic knowledge 
concerning any character, ceriain data 
must be available as to the mutant gene 
involved in the production of the char- 
acter. Ideally the data should include the 
following items about any mutant gene: 
Spatial relations with reference to auto- 
some or chromosome; physiologic rela- 
tions such as penetrance, expressivity, 
and viability; ontogenetic relations with 
respect to its own or any other pair of 
alleles; phylogenetic relations and math- 
ematical relations. 

Discussion. Dr. Ernst Metzger asked if 
examinations of identical twins have 
shown the influence of the hereditary as 
against the environmental factor. 

Dr. Snyder said that the most impor- 
tant contribution physicians can make is 
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to inquire of all patients “Are you a 
twin?” and, if they are, to look up the 
other twin. If they look alike they are iden- 
tical twins, if not they are fraternal twins. 
Almost anyone can diagnose twins. Divide 
them into identical and fraternal twins and 
give the information to the geneticists. 

In cases of dementia praecox both have 
it if they are identical twins and in 15 
percent of the cases both have it if frater- 
nal twins. 


GENETICS AND MEDICINE 


Dr. Morton D. Scuweitzer stated 
that heredity plays a significant role in 
disease. In addition, the mechanism of 
hereditary transmission has been worked 
out in a number of cases. Thus brachy- 
dactyly and hereditary hemorrhagic tel- 
angiectasis are examples of dominant in- 
heritance ; albinism is a typical recessive 
disease in which inheritance from both 
parents is involved. Partial color blind- 
ness and hemophilia exemplify a third 
important pattern of heredity, character- 
ized by a greater predilection for men 
than women. 

Of greater practical clinical importance 
is the knowledge of the hereditary na- 
ture of erythroblastosis foetalis and ju- 
venile glaucoma where forwarning of 
probably susceptible individuals facilitates 
the application of preventive medical 
measures. 

Hereditary factors are also important 
in such diseases as diabetes, gout, infan- 
tile paralysis, rheumatic fever, and in neo- 
natal mortality. 

Discussion. Dr. Snyder said that he 
has the highest praise for the clinicians’ 
observations. Data are lacking sometimes 
but that is the geneticist’s fault because 
he does not let them know what he wants. 
He suggested that clinicians read a book, 
called “Introduction to medical genetics,” 
written by J. Fraser Roberts, published 
by the Oxford University Press, in which 


an outline is given of what he should re- 
port. The writer is a physician and also 
a well-trained geneticist. It is the duty of 
the clinician to record findings thoroughly 
and make them available. He hoped to 
have a central repository for such things 
in which the optimism of the geneticis 
and the hard facts of the clinician would 
come together. At present, in many cases 
no definite information can be given to 
patients. Eventually, however, geneticists 
will be able to tell you what you can tel] 


_the patient in one, two, and three order 


provided you have sufficient data, 

Dr. Percy Fridenberg called attention 
to what Vogt called the principle of an- 
ticipation. An ocular disease might occur 
at the age of 40 or 30 years, or shortly 
after birth in following generations, Vogt 
said that that was so in glaucoma and 
cataract. All changes were senile changes; 
that is, nothing occurred in a child’s eyes 
that did not occur in senile eyes. The 
changes just came on earlier in each gen- 
eration. He asked if there is anything in 
genetics to link such a principle to any 
knowledge of the genes. 

Dr. Morton D. Schweitzer stated that 
that idea was spread mostly by ophthal- 
mologists Vogt, Nettleship, and others. 
No such principle has been found in ex- 
perimental genetics. It is believed rather 
that it is a technical result based on the 
way the data were gathered. Cases were 
seen at later ages. Not all diseases have 
a constant onset. Some show a character- 
istic age of onset while in other diseases 
the spread between the earliest and latest 
age of onset was 40 years, but the bulk 
of cases came within a narrower range. 

Dr. Adolph Posner asked if the hered- 
ity of myopia could be considered quan- 
titatively as well as qualitatively ; that is, 
if the father and mother have myopia, 
will the child be more handicapped than 
if only one parent had it? , 

Dr. Morton D. Schweitzer said that the 
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amount of high myopia of the recessive 


type is not doubted if both parents have 


it. 
GENETICS AND OPHTHALMOLOGY 

Dr. A. L. Kornzweie stated that ex- 
perimental work has shown that heredi- 
tary eye defects are produced by expos- 
ing fertilized ova to different changes in 
the environment. These changes are due to 
the X ray, are changes in osmotic tension, 
or changes in the chemical condition of 
the surrounding media. 

To produce an hereditary defect, the 
change must take place in the sex cells 
themselves. Such changes are the colobo- 
ma of the choroid and retina in rabbits, 
and the color of the eye in the fruit fly. 

The study of hereditary eye defects 
in man is best done by the collection of 
affected families’ pedigrees. 

Hereditary defects in the eye are nu- 
merous and may involve the eyeball as 
a whole or the structure of any of its 
tissues or the physiologic function of its 
retinal elements. Typical pedigrees in such 
conditions as retinitis pigmentosa, con- 
genital stationary night blindness, color 
blindness, hereditary blue sclerotics, he- 
reditary optic atrophy, microphthalmia, 
hereditary glaucoma, aniridia, and ectopia 
lentis were shown on lantern slides. 

It has been estimated that 11 percent 
of the blind people in the United States 
have relatives or parents who are blind. 

The only way to cure hereditary eye 
diseases is by prevention. 

Discussion. Dr. James W. Smith called 
attention to three cases of aniridia that he 
had reported. The mother was warned 
not to have any more children after the 
birth of her first child with aniridia, She 
disregarded the warning and had a second 
and third child, both with aniridia. He 
agreed with Dr. Kornzweig that the only 
way to cure hereditary eye conditions is 
to prevent them. 


HEREDITARY MACULAR DEGENERATION 


Dr. Ratpu I. Lioyp reported that the 
various types of the large group now 
accepted as members of a single family 
present so many aspects that each type 
was formerly considered as an entity: 
guttate choroiditis, honeycomb choroidi- 
tis, retinitis punctata albescens, maculo- 
cerebral degeneration, and so forth. 

Only two types have been examined 
microscopically, maculocerebral degener- 
ation of the infantile and the adolescent 
types. A single microscopic examination 
of “guttate choroiditis” has been made by 
Treacher Collins. The reason for this is 
that only painful and inflamed eyes are 
enucleated and only eyes of patients dy- 
ing in institutions can be obtained for 
microscopic examination. 

The features common to the entire 
group are (1) time of occurrence in a 
family is about the same for each member 
of that family, (2) lesions run through 
families, (3) lesions are bilateral, (4) the 
ophthalmologic aspect and course of the 
lesions in a single family run very true 
to type. 

Time of appearance is not certainly 
known, for only patients having the se- 
verer forms suffer visual loss, but, as 
well as can be determined, these lesions 
appear at (a) birth, (b) second dentition, 
(c) beginning of sex life, (d) end of 
skeletal growth, (e) beginning of involu- 
tion, or (f) senility. 

No one picture fits but for purposes of 
description, the defects seen with the oph- 
thalmoscope may be divided on clinical 
grounds into four groups: 

1. Large white spots of irregular shape 
in and about the macula together with 
excellent vision. The time of appearance 
and the progress of these lesions is a 
matter that should enlist our codrdinated 
efforts as they are discovered only during 
examination for glasses or as a part of a 
routine. 
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2. Fine white spots varying in number, 
beginning usually in the periphery, and 
associated with night blindness, color 
blindness, and defective vision of every 
degree. 

3. Lesions beginning as fine pigmenta- 
tion in the macular area with poor vision, 
and if before puberty, often associated 
with progressive mental degeneration. 
Ring scotomas, night blindness, and so 
forth, may go with this type, and the 
disease may stop at any point or go on to 
blindness. 

4. The defect is located at the macula 
and looks as if one or more layers of 
the choroid had vanished in appearance 
like a partial choroidal coloboma of the 
macula, This seems to be an absorptive 
process and some patients have very good 
vision and others have very poor vision. 

The object of this discussion is to en- 
list the interest of the profession in the 
study of these unusual but very important 
defects, in the hope that affected families 
may be discovered early and watched 
through the years. 


HEREDITY AND REFRACTION 


Dr. WILLIs S. KNIGHTON said that re- 
fractive errors are not simple entities. In 
myopia, for example, there are at least 
three variable components—length of 
globe, resistance to intraocular tension 
optical characteristics—and these may be 
combined with other variables such as 
the initial level of refraction and the 
growth curve. The hereditary tendencies 
of each of these must be understood be- 
fore it can be stated definitely which type 
of myopia is inherited. The study of pedi- 
grees where myopia is linked with such 
hereditary defects as night blindness 
promises to throw some light on the sub- 
ject. 

Racial tendencies are evident in many 
cases where the change due to age and 
growth follows the same curve as in other 


races but, because it begins at a lower 
level, results in less hyperopia or more 
myopia. 

Large amounts of axial hyperopia - 
myopia seem to be inherited recessively 
small amounts are believed to be dom. 
nant. 

Discussion, Dr. Felix Bernstein saiq 
that he was interested in the effect of 
heredity on refraction. He called atten- 
tion to the act of reading and to poor 
lighting as factors in the development of 
myopia. Many men today have deficient 
eyesight as shown by the Defense Com- 
mission, and the profession should help 
to improve this condition. It is hardly 
possible to form an adequate picture with- 
out the cooperation of the profession 
in pooling its observations. A committee 
should be formed to study this material 
carefully and make a report on it. One 
individual cannot do it. 

Dr. Ernst Metzger said that studies 
of refraction have been made in identical 
twins. The degree of myopia was not 
identical in identical twins. The curvature 
of the cornea and the color of the iris 
were the same. This was not necessarily 
so in fraternal twins. The eyes of identi- 
cal twins sometimes show a mirror effect, 
that is, the right eye of one twin has 
the same refraction as the left eye of the 
other. 

Sidney A. Fox, 
Secretary. 


COLORADO OPHTHALMOLOGI- 
CAL SOCIETY 


March 15, 1941 
Dr. WILLIAM M. BANE, presiding 


SIGHT SAVING CLASSES OF DENVER Pvus- 
LIC SCHOOLS 


Dr. Amos L. BEAGHLER, Director of 
Health of the Denver Public Schools, dis- 
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cussed the requirements for entrance in 
the sight-saving class of the Denver Pub- 
lic Schools, which are as follows: 

1. Children who cannot read more than 
20/70 on a standard Snellen chart in the 
better eye, or who cannot read No. 2.00 
at 35 cm. 

2. Myopic children who have more than 
six diopters of myopia and are under 10 
years of age. 

“3 Children who have three diopters 
of myopia which is progressive. 

4, Hyperopic children who have symp- 
toms of asthenopia and whose vision in 
their better eye falls below 20/70. 

5. Children who have an astigmatism 
of more than 3.5 diopters and whose vi- 
sion cannot be brought up to more than 
20/70 in the better eye. 

6. Children, with corneal opacities, 
whose vision is 20/50 or less in the better 
eye. 

7. Children having inactive keratitis 
whose vision is 20/50 or less in the better 
eye. 

8. Children having congenital cataracts, 
secondary cataracts, congenital malforma- 
tion, or fundus lesions without an acute 
condition, and with vision of 20/50 or 
less in the better eye. 

A. Any child who, in the opinion of the 
ophthaimologist, would benefit by sight- 
saving training will be accepted, subject 
to the suggestions of the ophthalmologist, 
for treatment or training. 

B. It is assumed that these conditions 
exist after the proper refractions have 
been made. 

Mrs. MARGUERITE HorTz, teacher of a 
sight-saving class, presented the follow- 
ing paper : 

The sight-saving class at Evans School 
was established to educate the partially 
sighted child. This class was organized in 
September, 1930, through the codpera- 
tion of the Health Department, Denver 
ophthalmologists, and the National So- 


ciety for the Prevention of Blindness. 
The aims of the class are to teach the chil- 
dren with serious eye defects with the 
least possible eyestrain and to give them 
an understanding of eye hygiene in order 
to conserve their vision. These aims are 
reached through special equipment and 
through variation in methods. The chil- 
dren are admitted to this class by recom- 
mendation of ophthalmologists with the 
approval of Dr. Beaghler. Their vision is 
20/70 or lower in either eye, or they have 
a progressive eye disease. Children come 
to Evans School from any school in the 
city. 

The chief causes of eyestrain are in- 
sufficient illumination and glare. To elim- 
inate these factors, the equipment has 
been selected. The walls are painted light 
buff ; all walls and furniture are done in 
a dull finish. Special shades are equipped 
with rollers at the center of the window 
to prevent glare, at the same time permit- 
ting an abundance of light to enter. On 
dark days, artificial lights are used which 
provide 20 foot-candles of light at each 
desk. The desks are adjustable and mov- 
able and are arranged so that the light 
will fall directly over the left shoulder. 
The tops of the desks may be raised to 
hold the large books and adjusted to 
bring the work to the eyes. 

The sight-saving room is equipped with 
two typewriters built with special large 
type for use in sight-saving classes. Typ- 
ing is taught as a means of conserving 
vision, as an efficient and speedy method 
of preparing written work, not as a 
vocation. Paper is cream in color and has 
a dull finish. The books supplied are 
printed in one-third-inch type on dull, 
buff paper. Since they are limited in 
number, we have supplemented them 
with those of our own making, in correla- 
tion with the Denver Course of Study. 
We have made books in social science, 
music, and English and have prepared 
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material in every subject with the aid of 
the special typewriters. 

Some material is prepared with the 
special pencils which have soft thick lead 
and other material with the lettering pens 
and India ink. Other assignments in social 
science and English are read to the chil- 
dren to minimize the amount of eye work. 
Specially prepared maps with detail 
omitted are used for map study. 

The partially seeing children take work 
that does not involve use of the eye with 
regular teachers. In this way they take 
their places in the regular group and are 
able through the aid of special equip- 
ment to enter into discussions and recita- 
tions with children of their own age and 


mental ability, and to keep their work up 
to the average. Each child is given work 
to fill individual needs. The sight-saving 
teacher follows recommendations of the 
ophthalmologist, who sends a report for 
each child, stating eye difficulty, time fo; 
next examination, and the amount of eye 
work permissible. 

Mrs. Emily T. Murchie discussed the 
existence of the problems in regard to 
the education of the visually handicapped 
child in sparsely settled areas, some meth- 
ods of meeting the needs, and examples 
of isolated children needing sight-saving 
class treatment. 


Harry W. Shankel, 
Secretary, 


rk 


AMERICAN JOURNAL OF OPHTHALMOLOGY 
Published Monthly by the Ophthalmic Publishing Company 


EDITORIAL STAFF 


RALPH H. MILLER 
803 Carew Tower, Cincinnati 
C. S. O’Brien 
The State University of Iowa, College of 
Medicine, Iowa City 
ALGERNON B. REESE 
73 East Seventy-first Street, New York 
M. Urine Troncoso 
500 West End Avenue, New York 
F. E. Wooprurr 
824 Metropolitan Building, Saint Louis 


Lr-Cot. DerricK VAIL, M.C., U.S.A., Editor- 
in-Chief (on active duty) 
Lawrence T. Post, Acting Editor-in-Chief 
640 South Kingshighway, Saint Louis 
Epwarp JACKSON, Consulting Editor 
Republic Building, Denver 
H. Crrsp, Consulting Editor 
530 Metropolitan Building, Denver 


The Mayo Clinic, Rochester, Minnesota aan Gee 


apy E, CLAY . “a 
at Arts Building, Atlanta Lap Ophthalmological Institute, Balti 
FREDERICK C. CORDES Emma S. Buss, Manuscript Editor 

384 Post Street, San Francisco 5428 Delmar Boulevard, Saint Louis 


Directors: LAwRreNce T. Post, President; WiLL1AmM L. Benepict, Vice-President; Dos ALp 
J. Lyte, Secretary and Treasurer; Epwarp JACKSON, WILLIAM H. Crisp, HArry S. GRADLE. 

Address original papers, other scientific communications including correspondence, also bocks 
for review and reports of society proceedings to Dr. Lawrence T. Post, 640 South Kingshighway, 
Saint Louis, Missouri. 

Exchange copies of medical journals should be sent to Dr. William H. Crisp, 530 Metropoli- 
tan Building, Denver, Colorado. 

Subscriptions, applications for single copies, notices of change of address, and communications 
with reference to advertising should be addressed to the Manager of Subscriptions and Advertising, 
837 Carew Tower, Cincinnati, Ohio. Copy of advertisements must be sent to the manager by the 
fifteenth of the month preceding its appearance. . 

Author’s proofs should be corrected and returned within forty-eight hours to the Manuscript 
Editor, Miss Emma S. Buss, 5428 Delmar Boulevard, Saint Louis, Missouri. Twenty-five reprints 
of each article will be supplied to the author without charge. Additional reprints may be obtained 
from the printer, the George Banta Publishing Company, 450-458 Ahnaip Street, Menasha, Wis- 
consin, if ordered at the time proofs are returned. But reprints to contain colored plates must be 


ordered when the article is accepted. 


RADIUM IN ANGIOMATOSIS 


In his Presidential Address, before the 
Ophthalmological Society of the United 
Kingdom in 1935, R. Foster Moore re- 
ported his experience with radium, em- 
ployed in two cases of retinal angio- 
matosis, and also in cases of glioma of the 
retina. The retinal angiomas were in 
women 24 and 36 years of age. In both 
cases the retinal lesions were illustrated 
by excellent pictures. The treatment was 
by radon seeds, enclosed in aluminum 
foil, and planted in or close to the lesions. 
Moore concluded that angiomata can be 
cured by this means. For prominent 
growths, interstitial insertion of the seeds 
is advisable, whereas for flat growths 


surface application is best. In these cases 
the seeds were sutured to the sclera—in 
one case three seeds, which were removed 
on the tenth day; in the other case they 
were removed after four days. Reaction 
was shown by changes in the conjunctiva 
and lids. The large vessels supplying the 
angioma became irregular in caliber and 
presently disappeared together with the 
smaller branches connected with them. 
In each case the vascular tumor was re- 
moved and replaced by atrophic patches. 

A more recent case of angiomatosis of 
the retina has been reported in the Pro- 
ceedings of the Royal Society of Medi- 
cine, November 14, 1941, by Professor 
A. J. Ballantyne, of Glasgow. This case 
is also well illustrated. The method of 
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using the radium was different: At first 
four radon seeds were placed on the 
sclera. But a month later there was no 
change in the fundus picture. Radiograms 
showed the seeds had not remained fixed 
in their original position. Later the patient 
was submitted to X-ray applications made 
in three directions: from above the eye- 
brow, from near the outer canthus, and in 
the malar region; in each case directed 
toward the posterior pole of the eye. Dur- 
ing the next year the patient suffered 
from recurrent neuralgia in and around 
the eye, relieved by alcohol injection of 
the trigeminus nerve. There was X-ray 
loss of lashes, deep pigmentation of the 
skin, closure of the lacrimal puncta, and 
general rigidity of the lids. At the end of 
two years there was sudden loss of vision, 
due to intraocular hemorrhage. The eye 
was excised. But that operation was im- 
peded, “by the very rigid state of the 
eyelids, the conjunctiva, and the orbital 
tissues.” The shrinking of the skin and 
orbital tissues now gives a shrunken 
appearance to the artificial eye. The ex- 
cised eye showed hemorrhages in the 
retina and a collection of serum, resem- 
bling a cyst. , 

The implantation of radon seeds is an 
operation requiring exact and close atten- 
tion. It is certain they can exert an im- 
portant local influence. To refer the pa- 
tient to an expert for treatment by X rays 
is easier. But it does not give the desired 
result. A remedy may be useful and of 
the highest value. But it is not the name 
or general character of the remedy, but 
the way that it is used that gives it value. 
Ballantyne’s case, with the description 
and illustrations of the tissue changes 
found in the enucleated eye teaches that 
radiation treatment exercises a very wide 
influence on the tissues of the body, 
especially on the blood vessels and cell 
life of the tissues. It is a resource rela- 
tively new in therapeutics and can only be 


wisely and safely used when controlled 
by an understanding of its dangers and 
close watching of the tissues accessible to 
inspection in the fundus of the human 
eye. Edward Jackson, 


OPTOMETRY LEGISLATION 


Freed from the fantastic trimmings 
which have been conferred upon it in 
certain optometry laws, optometry js 
merely optical measurement of the human 
eye, without the use of drugs. At its best 
the optometry movement is a diesen 
attempt to develop the professional status 
of those opticians who undertake the 
measurement of human refraction. At its 
worst, the movement is an ambitious cam- 
paign to assume the prerogatives of those 
physicians whose practice is limited to 
the care of the human eye and its 
appendages. 

Many optometrists are simply opticians 
under a new name. Some of them have 
very flimsy notions concerning the 
measurement and correction of refractive 
errors. Some have been accepted into the 
optometric fold because they were op- 
ticians when optometry laws were first 
created ; just as there are still a very few 
aged physicians who fall extremely short 
of modern standards of medical educa- 
tion, but have been permitted to practice 
by reason of their having entered the 
medical fold when standards of medical 
education hardly existed. 


A further group of optometrists have 
a fair knowledge of practical refraction, 
although such knowledge was acquired in 
commercial stores and workshops rather 
than in educational institutions. Most of 
these men and women still display greater 
expertness in the commercial and me- 
chanical qualities associated with their 
work than in refractive diagnosis and 
treatment. 

A last, important group of modern 
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optometrists, steadily increasing in num- 
ber, particularly in a few states whose 
requirements for licensure are commend- 
ably strict, have received a lengthy uni- 
versity schooling chiefly devoted to the 
theory and practice of refraction and 
other details concerning the human eye. 
In the great centers of population of the 
United States, some of these modern uni- 
versity graduates in optometry are as 
conscientiously professional as most phy- 
sicians, and possess knowledge and skill 
which are worthy of respect. 

The public is hardly concerned with the 
question of who was first in the field. 
Some of the most important discoveries 
as to the practical application of optical 
knowledge to the human eye were made 
by nonmedical scientists. On the other 
hand, it is true that for many years the 
most important developments in refrac- 
tion work came from medical specialists. 
The chief concern of the public, however, 
is as to the amount of service it may 
obtain from either optometrist or ophthal- 
mologist. 

Some ophthalmologists are not disposed 
to quarrel with an honest attempt to treat 
optometry as a professional field of activ- 
ity, or with honest efforts to improve its 
educational and ethical status. Unfortu- 
nately, however, the aggressive movement 
in optometry legislation is frequently in 
the hands of a group of optometrists who 
would put the cart before the horse by 
conferring complete professional status 
upon thousands who do not possess and 
never will possess the necessary profes- 
sional attainments. 

To frame a simple, honest, and un- 
objectionable definition of optometry 
should not be difficult. It is interesting to 
note that the State of New York, widely 
renowned for its educational standards, 
and within whose bounds exists what is 
perhaps the most thorough as well as the 
largest university school of optometry, 


has given in its revised law on optometry 
just such a clear and straightforward 
definition. 

According to that law, anybody may be 
said to practice optometry “who, by any 
means or methods other than by the use 
of drugs, diagnoses any optical deficiency, 
or deformity, visual or muscular anomaly 
of the human eye, or prescribes, provides. 
furnishes or adapts lenses, prisms, or 
ocular exercises for the aid, correction or 
relief of the same, or who holds himself 
out as being able so to do.” 

In 1937, the California law defined 
optometry as “the employment of any 
means other than the use of drugs for 
the measurement of the power or range 
of human vision or of its functions in 
general or the adaptation of lenses or 
frames for the aid thereof.” 

Also simple and effective is the Ala- 
bama statement of 1919: “The practice 
of optometry is defined to be the examina- 
tion of the human eye for the purpose of 
ascertaining any departure from the nor- 
mal, measuring its functional powers and 
adopting mechanical means for the aid 
thereof.” 

A judgment rendered by an Alabama 
court offered the following comments: 
“Optometry, apart from statutory defini- 
tion, is defined as the employment of any 
means other than the use of drugs for 
measurement of power of vision and the 
adaptation of lenses for the aid thereof, 
and more narrowly, the measurement of 
the range of vision, and does not author- 
ize diagnosis for the treatment of eye 
diseases.” 

But certain groups of optometrists have 
been either less straightforward or more 
confused in their definitions. According 
to one such example of cloudy phrase- 
ology, it is proposed to define the practice 
of optometry as 

(a) The examination or diagnosis of 
the human eye, to ascertain the presence 
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of abnormal conditions or functions 
which may be diagnosed, corrected, or 
remedied or relieved, or the application or 
prescription of lenses, prisms, exercises, 
or any physical, mechanical, physiological, 
or psychological therapy, or the employ- 
ment of any means, for the purpose of 
detecting any diseased or pathological 
condition of the eye, or the effects of any 
diseased or pathological condition of the 
eye, which may have any significance in 
a complete optometric diagnosis of the 
eye, or its associated structures. 

(b) The application, use, or adapta- 
tion of physical, anatomical, physiologi- 
cal, psychological or any other principles 
through scientific professional methods 
and devices, to the examination of the 
eyes and vision, measuring their functions 
for the purpose of determining the nature 
and degree of their departure from nor- 
mal, if any, and adopting optical, physio- 
logical and psychological measures and/ 
or the furnishing or providing any pros- 
thetic or therapeutic devices for the 
emendation thereof. 

It is hard to escape the impression that 
such a vague and verbose “definition” has 
been framed in the hope that some day a 
court may be found which will interpret 
the “definition” as authorizing the prac- 
tice of ophthalmology by optometrists. 
Careful search of this “definition” will 
fail to disclose that optometry itself is 
anywhere defined. All that is really set 
forth, in language which might be trans- 
lated into the bestowal of very sweeping 
powers, is what the optometrist may 
undertake to do, regardless of whether 
he possesses adequate scientific attain- 
ments. 

Another legislative proposal, distinctly 
in conflict with the public interest, is to 
the effect that “Testimony by any op- 
tometrist registered in the State under the 
laws of the State . .. relative to the 
diagnosis of the human eye and its ap- 


pendages or any visual, muscular, neyro. 
logical or anatomic anomalies of the hy. 
man eyes and their appendages , , . shall 
be considered qualified expert advice and 
testimony in any such trial or hearing,” 
Even more dangerous to the community 
is the following: “Any agency of the 
State or County or City . . . or any com. 
mission, clinic or board administering re- 
lief, social security, health insurance o; 
health service under the laws of the State 
. shall accept the services of optome- 
trists ... for the purposes of diagnosing 
and correcting any and all visual, muscy- 
lar, neurological and anatomic anomalies 
of the human eyes and their appendages 
of any persons under the jurisdiction of 
said agency, clinic, commission or board 
administering such relief, social security, 
health insurance or health service, on the 
same basis, and on a parity with any other 
person or persons authorized by law to 
render similar professional service, when 
such services are needed and shall pay 
for such services in the same way as other 
professions may be paid for similar serv- 
ices.”’ 
This is indeed bold and aggressive ac- 


tion! What, we may ask, will insurance ° 


organizations and the Federal government 
think of such attempts at usurpation, by 
utterly unqualified persons, of duties and 
responsibilities hitherto resting upon the 
shoulders of the ophthalmologist? Picture 
the erstwhile optician, now dignified by 
the title of optometrist, appearing in a 
court of law with regard to a case of 
penetrating injury, or a lesion of the 
visual tracts, or other details “relative to 
the diagnosis of the human eye and its 
appendages.” Or imagine him presenting 
to a social-welfare organization a report 
on an obscure case of blindness, or as to 
the advisability and prognosis of a deli- 
cate surgical procedure for the restoration 
of vision. In most states of this Union, at 
least, not one licensed optometrist in 
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twenty could in such circumstances make 
a respectable showing under capable legal 
cross-examination. The two provisions 
last quoted above would constitute a clear 
‘avasion of the practice of medicine by 
unqualified persons. 

Several well-meaning attempts have re- 
cently been made to establish harmonious 
relationships between the ophthalmolo- 
gists and the optometrists of the United 
States. By one eminently fair-minded 
ophthalmologist it has been said “that 
there exist really high-minded optome- 
trists . . . that they are worthy of our 
help, that they are exerting earnest and 
effective efforts to elevate the profession 
of optometry, and that it behooves us to 
be on the side of efforts to make our in- 
fluence felt for good.” 

The present writer also has spoken in 
favor of a liberal attitude toward the at- 
tempts of the better class of optometrists 
to improve educational and ethical stand- 
ards in the latters’ profession. But in the 
light of such legislative proposals as have 
just been quoted, it is obvious that among 
the optometrists the tail sometimes wags 
the dog. Speaking more politely, we are 
faced at times by indiscreet or unscrupul- 
ous persons who are determined to use 
every possible legislative means for ac- 
quiring powers which they are altogether 
unqualified to administer in the public 
interest. In dealing with such proposals, it 
is hardly to be doubted that the ophthal- 
mologists of this country will abandon 
the olive branch and proceed to defend 
vigorously not only their own interests 
but those of the communities in which 
they live and practice ophthalmic medi- 
cine and surgery. W. H. Crisp. 


THE 1942 MEETING OF THE 
ACADEMY OF OPHTHAL- 
MOLOGY AND OTO- 
LARYNGOLOGY 


The first war meeting of the American 
Academy of Ophthalmology and Oto- 
laryngology was held in Chicago, Oc- 
tober 11 to 14, 1942, and was in every 
way a great success. All who had known 
and loved Dr. Wherry, the former execu- 
tive treasurer, and this means every 
Academy member, were somewhat per- 
turbed as to how serious for the active 
conduct of Academy affairs the loss of 
this magnificent administrator would 
prove. Confidence was immediately re- 
stored when they learned that Dr. William 
L. Benedict had accepted the position 
formerly held by Dr. Wherry. This feel- 
ing has proved more than justified ds evi- 
denced by the outstandingly successful 
recent meeting, which, in spite of war-time 
limitations, turned out to be an unusually 
fine one, and in some respects exceeded 
any previous convention. 

At once there springs to mind Tues- 
day’s evening of entertainment. The usual 
banquet was abandoned, and a dinner with 
menu similar to that served to our enlisted 
personnel was substituted. The fare was 
so good that even the old timers thought 
it might be a good thing to consult their 
recruiting officers. Never has the Acad- 
emy had a more gracious presiding officer 
than Dr. Ralph Lloyd proved to be. His 
ready smile and sparkling humor con- 
stantly held the attention of the diners. 

After the dinner the members and 
guests proceeded to the ballroom, where 
the best evening program that the Acad- 
emy has ever had, “Meet your fighting 
forces,” was presented. The Army, Navy, 
the Marine Corps, and the Coast Guards 
did their utmost to entertain and inspire 
us. A splendid band from the Navy and 
a 50-voice choir from the Great Lakes 
Training Station added stirring and beau- 
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tiful music during the entire performance. 
The listener could scarcely believe it pos- 
sible that a floating population with con- 
stant changes in personnel of band and 
choir could produce such melodious per- 
formances. Many times during the evening 
the hearts of all were in their throats 
because of the thrilling drama unveiled 
before them. The beautiful silken flags of 
the various branches of service, floating 
beside the Stars and Stripes, were carried 
forward by the uniformed personnel and 
placed in a position of honor beside the 
stage, serving as a constant reminder dur- 
ing the evening that our country was at 
war. The many men in uniform, and, 
at the end of the performance, the induc- 
tion of 100 recruits into the United States 
Navy could not fail to impress us with 
the gravity of our situation and inspire 
us with confidence in the way that our 
people are meeting it. 

The program was condensed into four 
days, but scarcely seemed to suffer there- 
by. The courses were splendid as always, 
the preparations and moving pictures of 
high caliber. 

The scientific exhibit, although not so 
extensive as in other times, when trans- 
portation was easier and so many young 
researchers were not in khaki and blue, 
was of much merit. Dr. Terry received 
the award for originality ; Dr. Kornzweig 
that for effective presentation, and Dr. 
Donald Lyle the award for the teaching 
value of his exhibit. 

The increased pressure in the City of 
Chicago made the hotel situation less 
agreeable than usual, but one must expect 
inconveniences in these days when the 
armed forces have taken over many of 
the big hotels, and in Chicago the biggest 
one of all. The management did all in 
their power to make up for these difficul- 
ties. The meeting drew an excellent at- 
tendance, in the neighborhood of 1,600. 

It was generally agreed that the gov- 


erning body did well to decide to make 
plans to hold a meeting in 1943. Obvi- 
ously this may be impossible, but if at aj 
feasible it will be done. 

The following officers were elected. 
President, Dr. James A. Babbitt of Phila- 
delphia ; president-elect, Dr. Lawrence T. 
Post of Saint Louis ; vice-presidents, Drs 


Sanford Gifford of Chicago, Wesley . 


Bowers of New York, and William 
Kreiger of Poughkeepsie, New York, For 
ophthalmology, Dr. Algernon B. Reese 
of New York was chosen secretary, Dr, 
Albert D. Ruedemann of Cleveland, sec- 
retary for instruction in ophthalmology, 
and Dr. Erling W. Hansen of Minneapo- 
lis, secretary for public instruction, For 
otolaryngology, Dr. Oliver E. Van Alyea 
of Chicago was chosen secretary, and Dr, 
Dean M. Lierle of Iowa City was re- 
elected secretary for instruction in oto- 
laryngology. Dr. William L. Benedict of 
Rochester, Minnesota, was elected execu- 
tive secretary to succeed the late Dr. Wil- 
liam P. Wherry of Omaha. 
Lawrence T. Post. 


BOOK NOTICES 


CONTACT LENSES. By Theo. E. 
Obrig, A.B., president, Obrig Labora- 
tories, Inc., New York, New York. 
First edition. Clothbound, 470 pages 
with illustrations. Philadelphia, The 
Chilton Company, 1942. Price $5.50. 


The timely appearance of this book is 
welcome to those interested in the fitting 
of contact lenses. For many years the au- 
thor has written extensively on this sub- 
ject and has been responsible for much 
of the recent advance in the modern meth- 
old of fitting contact lenses. This book 
represents a compilation of his past writ- 
ings with many important additions. 

The anatomic, biochemic, and physio- 
logic data important in the fitting of con- 
tact lenses are considered in an elementary 
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manner in the first two chapters. The in- 

dications for the use of contact lenses are 

exhaustively presented. 

The underlying optical principles in 
contact lenses are simply and concisely 
presented in a chapter dealing essentially 
with this subject. 

The technique of fitting contact lenses 
today is vastly different from that of only 
five years ago. The author traces the de- 
velopment of the modern contact glass in 
an excellent and complete historical 
résumé. Prompted by the frequent fail- 
ures of the old Zeiss stock lens and the 
recently developed procedure of taking 
a mold of the eye, the author devised his 
own technique for taking an impression 
of the human eye and fabricating a con- 
tact lens to conform to that mold and then 
with some modification to the eye itself. 
The entire technique and material for tak- 
ing the mold are lucidly presented, but 
the means of making the contact glass to 
conform to the mold, and still include an 
optically ground corneal segment, is not 
divulged. The author as well as others 
engaged in the manufacture of molded 
contact glasses retain this as a trade secret. 

The Obrig contact lens is of plastic 
composition entirely. Experience has veri- 
fied the fact that this type of lens is more 
efficient even than glass and provides the 
patient with a feeling of relief in the 
knowledge that it is not breakable. 

Not only is the fitting of the Obrig lens 
exhaustively considered, but also the fit- 
ting of the Zeiss stock lenses, which is 
a necessary part in obtaining the optic 
data necessary for the final correction. 
The technique of fitting the Feinbloan 
lens is also described; however oculists 

have not subscribed to this type of lens 
since it cannot compare favorably with 
the more accurate method of fabricating 
a lens to a mold of the eye. 

The author loses no opportunity to 
commercialize on his own product, and 


describes the technique of modifying the 
trial lens on the patient. However, most 
oculists, familiar with the technical diffi- 
culties of modifying a contact glass, will 
agree that this can best be done by the 
optician, under his direct supervision, and 
thus avoid a mail-order type of fitting as 
the author describes. 

Since the advent of the molded lens, 
with patients wearing these lenses for 
prolonged periods of time, the importance 
of the content and concentration of the 
fluid used with the contact lens has come 
to light. An excellent chapter on the au- 
thor’s experiences with the various fluids 
available is presented and based upon a 
wide experiénce. This chapter alone will 
prove invaluable to all interested in the 
subject of contact lenses, for future im- 
provement will undoubtedly come in the 
development of a more universally satis- 
factory fluid. The type of contact lens 
produced by the author leaves little to be 
desired in the physical fit of the lens, yet 
his experience, as that of others, has 
shown that too many patients do not re- 
spond well to the solutions so far avail- 
able. It is hoped that future research will 
resolve this distressing problem. 

An interesting chapter on contact lens 
patents is included and an exhaustive 
bibliography and index conclude the work. 
The illustrations throughout are excellent. 

For all those interested in the fitting 
of contact lenses this text can be highly 
recommended and will prove essential for 
those unfamiliar with the technique, since 
nowhere else is so much information 
available on this subject 

Harry S. Gradle. 


MILITARY SURGICAL MANUALS, 
Volume II, OPHTHALMOLOGY 
AND OTOLARYNGOLOGY. Na- 
tional Research Council. Clothbound, 
331 pages, 124 illustrations. Philadel- 
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phia, 1942. W. B. Saunders Company. 
Price, $4.00. 


This book is prepared and edited by 
the Subcommittee on Ophthalmology and 
Otolaryngology of the Committee on Sur- 
gery of the Division of Medical Science 
of the National Research Council. It is 
one of a series to furnish the medical de- 
partment of the U. S. Army and Navy 
with compact presentations of necessary 
information in the field of military sur- 
gery. It is interested primarily in giving 
information to the general medical officer 
for the treatment of patients who are 
either not so seriously affected as to war- 
rant evacuation to a base for hospital 
ophthalmic care or who need treatment 
before they are evacuated. 

There are two chapters by Lawrence 
Post on Functional testing and Examina- 
tion of the eyes ; two chapters by Kronfeld 
on Acute visual disturbances and Medical 
treatment; two chapters by Benedict on 
Local anesthesia about the orbit and sur- 
gical procedures; a chapter by Harry 
Gradle on Acute inflammations of the eye; 
and a chapter by Sanford Gifford on In- 
juries of the eye. 

The manual also covers the subject of 
otolaryngology in a similar fashion. 

Such a book as this must be practical, 
concise, and the subject matter well 
chosen. This manual covers all of these 
requisites, A. B. Reese. 


THE OPHTHALMIC FORMULARY. 
By G. Griffin Lewis, M.D., F.A.C.S. 
Leatheroid binding, 167 pages. Spring- 
field, Illinois, Charles C Thomas. Price, 
$3.50. 


The book is divided into three sections : 
The first, and by far the longest, is com- 
posed of prescriptions for alphabetically 
listed ophthalmic conditions; the second 
is an alphabetical list of medicines em- 
ployed in ophthalmology, with brief de- 


scriptions of their use; and finally, there 
is a short index of diseases of the eye, 
Among the prescriptions are included 
some from many leading ophthalmolo. 
gists; the name of the author Supplying 
the prescription accompanies the Prescrip- 
tion. Many are obviously well known 
others are favorites of individuals. 
This is an extensive formulary and one 
that should prove useful to the profession, 
Lawrence T, Post. 


CORRESPONDENCE 


DETECTION OF AVITAMINOSIS A By GRoss 
AND BIOMICROSCOPIC EXAMINATION 
OF THE CONJUNCTIVA 


The Editor, 
American Journal of Ophthalmology: 


In 19411 I stated that avitaminosis A 
manifested itself by changes in the con- 
junctiva which could be detected by gross 
and biomicroscopic examination. 

Recently Berliner? questioned that these 
conjunctival changes represented avitam- 
inosis A, and that various degrees of the 
less severe changes could be distinguished 
by biomicroscopic examination. I should 
like to evaluate his evidence and answer 
his arguments. 

1. Of my observations Berliner states 
“that the ‘spots’ or pingueculae are sub- 
epithelial infiltrations, the epithelium over 
them being unaffected, a condition differ- 
ent from xerosis, in which the changes 
are in the epithelium. . . .” He presents 
the differential characteristics of pingue- 
culae and Bitot’s spots according to gross 
appearance, histologic composition, and 
age distribution. He intimates that only 
epithelial, never subepithelial, could be 
avitaminosis A ; that I mistakenly reported 
subepithelial for epithelial changes. 

My paper was a preliminary report on 
the examination of the conjunctiva as a 
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reliable method of routinely detecting 
avitaminosis A and on the inadequacy of 
the visual dysadaptation procedure which 
at that time was widely accepted and used. 
It was indicated that more detailed con- 
sideration of the conjunctival changes 
would be reserved for a later paper. 

The terms Bitot’s spots and xerosis 
were not used in the description of ob- 
servations in my paper. In the discussion, 
however, I pointed out their varied mean- 
ings in the past as well as other designa- 
tions, and stated that none of the terms 
aptly described the changes observed by 
me. Rather than introduce a new term, I 
used in the discussion the older designa- 
tions with the connotation of avitaminosis 
A; that is, to represent conjunctival 
changes in avitaminosis A without preju- 
dice to the histologic elements involved. 

As a matter of fact, use of the name 
pinguecula, in the strict sense, would have 
been inaccurate, as the blanket term ap- 
plied to the “spot” cases. In none of the 
reported “spot” cases was a pinguecula 
the only change in the conjunctiva. 
Rather, the conjunctiva elsewhere in the 
interpalpebral zone was always definitely, 
usually in these cases markedly, involved. 
Furthermore, a proportion of the “spots” 
showed characteristics more closely ap- 
proximating Bitot’s spots and Bitot’s spots 
with pingueculae, rather than only pingue- 
culae. All in all, among the range of con- 
junctival manifestations, pingueculae oc- 
curred in association with conjunctival 
changes elsewhere in the interpalpebral 
area; “spots” that were not pingueculae 
were present in association with conjunc- 
tival alterations elsewhere in the inter- 

palpebral zone; and conjunctival changes 
without “spots” occurred. All these were 
seen in various stages. Of course, pingue- 
culae alone do occur, as is well known, 
and as I have on other occasions observed. 
In an extension of the studies, I have in- 
cluded them. These several conjunctival 


manifestations, just enumerated, have 
been catalogued as separate conditions in 
the ophthalmologic literature. But here 
they are seen to be various forms and 
stages in one process. Under the circum- 
stances it would have been quite inap- 
propriate to say that a pinguecula is the 
manifestation of avitaminosis A; instead, 
it is only one, usually associated with 
typical conjunctival changes elsewhere in- 
terpalpebrally. Actually no one term of 
the past used with histologic connotation 
would be satisfactory. 

For this reason in presenting my ob- 
servations I consistently referred to con- 
junctival changes. Nowhere did I men- 
tion that epithelial changes characterized 
any or all of the manifestations which I 
described. On the contrary, I devoted 
much space to describing the increased 
vascular strata. I distinguished, more- 
over, between the superficial and deep 
layers. Also I noted how the superficial 
changes responded first to therapy, while 
the deeper alterations receded very much 
more slowly. In all this I indirectly cited 
the significance of the subepithelium. 

In intimating that only epithelial, never 
subepithelial, changes could represent 
avitaminosis A, Berliner followed the 
traditional view. In the past, all clinical 
attention to avitaminosis A has been fo- 
cused on the severe, acute form, and al- 
most al] animal experiments were also 
designed to produce this form, with ep- 
ithelial metaplasia as an outstanding char- 
acteristic. Yet, even in this form, the sub- 
epithelium has been shown to be involved. 
Mori,*® examining histologic sections of 
eyes in experimental avitaminosis A in- 
duced in Prof. E. V. McCollum’s labora- 
tory, reported among the early conjunc- 
tival changes that “the substantia propria 
is thickened and infiltrated.” Several years 
ago I had the opportunity to examine 
many of these sections. My observations 
on persons affected with avitaminosis A 
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bears out the experimental indication. 
This is not to ignore the epithelial changes 
when they are present, but rather to un- 
derscore the significance of the subepith- 
elium. 

It is pertinent to explain the reason for 
the various forms of conjunctival changes 
in avitaminosis A and the sharp limita- 
tions of the traditional view. In morpho- 
logic studies of four deficiency diseases, 
avitaminosis A,! ariboflavinosis,*”* aniaci- 
nosis,® and avitaminosis C,’ bio- 
microscopic as well as gross examination, 
I saw all gradations. From these observa- 
tions and from results with specific thera- 
py, I recognized new states. In addition to 
the familiar severe acute form, I observed 
milder acute forms and, more important, 
chronic states of varying intensity. Very 
frequently I saw an acute process super- 
imposed on a chronic state. 

In observations on the four deficiency 
diseases I noted that though each was a 
specific entity, all showed in the evolu- 
tion and recession of their specific lesions 
a similarity in biologic behavior. They re- 
flected a definite, biologic pattern. From 
this was evolved a concept of deficiency 
states,® elucidating their nature, develop- 
ment, and response to specific therapy. 

It was observed that the specific patho- 
logic process in a tissue in a deficiency 
disease is characterized by velocity, in- 
tensity, and duration. In a series of each 
deficiency disease I saw a range of veloci- 
ties and intensities that depended on the 
intensity of the cause and the circum- 
stances under which it operated. For con- 
venience, I classified the range most sim- 
ply into the following forms: mild acute, 
severe acute, mild chronic, and severe 
chronic, each being divisible into arbi- 
trary stages. I cited the scattered refer- 
ences in the literature to one or another 
of these states in several deficiency dis- 
eases. The concept also traced the various 
courses in the pathogenesis of these states, 
particularly those that led to combined 


states in which a mild OF severe acute 
process in any stage is seen with a mild 
or severe chronic form in any stage, 

In the past both clinical and experi- 
mental investigations have been devoted 
almost exclusively to the severe acute 
form. Unrecognized for the most part in 
the past, the chronic states assume Signifi- 
cance because of their predominance jp 
the population. I emphasized that the com. 
bined states, acute and chronic, are yery 
prevalent. It was these states, with much 
of the chronic form, that characterized my 
series of cases of avitaminosis A. From 
a study of cutaneous hyperkeratosis, 
Straumfjord® recently declared that in 
this country there is much avitaminosis A 
that is chronic in nature. It is evident that 
the traditional views, based only on the 
severe acute form, do not cover the condi- 
tions actually existing in the population, 

2. Another point set forth by Berliner 
in criticism of my paper on avitaminosis 
A was that the “spots are not associated 
with low states of vitamin A, as proved 
by blood tests.” From analyses on the con- 
centration of vitamin A in the blood of 
15 persons, he reported that only 1 out of 
10 with spots and 1 out of 5 with varia- 
tions in thickness, vasculature, and trans- 
missibility of the conjunctiva had values 
below 45 micrograms per 100 ml., though 
several had values higher by only a few 
micrograms. 

Waiving any inquiry into the validity of 
the critical level that he adopted, it is ap- 
propriate to question the basis for setting 
up the blood method as the final authority 
for vitamin-A status. As I pointed out in 
previous papers, two views have unfor- 
tunately had some currency: (1) that 
various types of methods applied to the 
same deficiency disease should yield simi- 
lar results; and (2) that the blood level 
is the true index of bodily status with re- 
spect to a vitamin. Consequently, the re- 
liability of other methods of appraisal has 
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been gauged by comparison with blood 
yalues as the criterion. 
I have shown these views to be fal- 
lacious in principle and _ practice.©7* I 
inted out that the blood level and tissue 
rocess change on a different time sched- 
yle and at different rates both in the 
evolution and recession of the deficiency 
disease. Furthermore, I explained that 
blood values, responding to change in 
dietary intake, may change quickly and 
frequently ; whereas the tissue process, 
both in evolution and recession, changes 
much more slowly. Particularly when the 
deficiency disease is in the chronic state, 
improvement in diet, for example, may 
raise the blood values with very little ef- 
fect on the status of the chronic tissue 
process. Consequently, once the chronic 
process sets in, the blood values may be 
entirely misleading. Indeed, once a de- 
ficiency state sets in, whether acute or 
chronic, the blood values may be unrelia- 
ble. I cited other common circumstances 
under which blood values would convey 
an erroneous indication of nutritional 
status.® 
In discussing avitaminosis C, Green- 
berg, Rinehart, and Phatak’® cautioned in 
a similar vein: “. . . the estimation of the 
reduced plasma ascorbic acid is only a 
meastre of the immediate nutritive or 
metabolic level relative to vitamin C, and 
is dependent on recent dietary habits to 
a large degree. Although it is an index of 
the vitamin C nutrition at the time of the 
test, in a single case a low level does not 
imply tissue injury or scurvy (either 
clinical or subclinical). The latter results 
from the operation of suboptimal or low 
metabolic levels over some period of time. 
Conversely, a good or high level would 
not indicate that deficiency had not oper- 
ated to produce tissue injury in the past.” 
Crane and Woods" studying an acute 
outbreak of scurvy in children, found 
that 7 of 17 children with consistently 
high ascorbic-acid values in both autumn 


and spring, had gingival inflammation on 
one or the other occasion; while 14 of 25 
children with inflammation in both au- 
tumn and spring had high ascorbic-acid 
values at one or the other examination. 
Similarly in a group of adults showing all 
states of avitaminosis C, as judged by spe- 
cific gingival pathology, I* found just as 
little relationship between the gingival 
conditions and the blood values. In both 
studies, the gingival processes receded 
under treatment with vitamin C. Even 
more pertinent to avitaminosis A is Van 
Veen’s” flat assertion: “We found .. . 
that a direct relation between an A de- 
ficiency and the vitamin A + provitamin 
A level (in the blood) very often appears 
to be absent. Sometimes we established 
the presence of high or more or less 
normal (blood) A values in patients with 
symptoms of a clinical A deficiency. . . .” 

These results indicate that various 
methods applied to the same deficiency 
disease provide information on different 
aspects. Far from demonstrating that the 
blood level is a trustworthy criterion for 
comparison of other methods, the results 
show that it has very marked restrictions 
as a method for appraising vitamin status. 
Since avitaminoses C and A have a simi- 
lar pattern of pathogenesis, similar re- 
sults would be expected on them. In pre- 
senting the data on high blood levels for 
vitamin A in persons with “spots,” Ber- 
liner, instead of demonstrating that con- 
junctival changes do not represent avita- 
minosis A, confirmed the unreliability of 
blood levels alone as a means of detecting 
avitaminosis A. 

3. In his paper Berliner also asserts: 
“T do not consider that the observations 
made by Kruse on the conjunctiva repre- 
sent prexerotic states or states possibly 
indicating an avitaminosis A, but that 
they represent common presenile and 
senile alterations.” He states that “pin- 
gueculae . . . are commonly encountered in 
the general population in individuals over 
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40 years of age.’ Here Berliner adheres 
again to the textbook. 

In commenting on the chronic state I 
have pointed out that in the past the 
chronic alterations have been called senile 
changes with the implication that senility 
causes them.* But senility per se is not 
responsible for them. That has never been 
a satisfactory explanation. Not all elderly 
persons show the changes. On the other 
hand, they occur in children. Time, not 
senility, is the essential point. And time 
does not start the changes, it is simply a 
dimension over which they progress. The 
conjunctival changes that Berliner at- 
tributes to senility are the manifestations 
of avitaminosis A in a state of chronicity, 
due usually to a dietary deficiency in vita- 
min A running over a period of years. 
Their prevalence and severity vary with 
economic level to the extent that it re- 
flects deficient diets. Most important of 
all, these chronic changes in the conjunc- 
tiva, like all manifestations of avita- 
minoses, are reversible, yielding slowly 
but completely to administration of vita- 
min A. Similarly, I have noted specific 
c4ronic alterations in other deficiency dis- 
eases. 

4. Berliner argues, moreover, that the 
very long period of time required for com- 
plete recession of the conjunctival 
changes, as reported by me, is not in ac- 
cord with the rapid improvement of faulty 
dark adaptation, night blindness, or xer- 
ophthalmia under treatment, as recorded 
in the literature. Again, Berliner follows 
the traditional views based upon acute 
deficiency states. The acute process is 
rapid in appearing, in running its course, 
and in response to therapy. If the process 
is incompletely developed in an early 
stage, the response to therapy would be 
quite rapid. The chronic process, however, 
is slow in onset, progress, and recession 
under therapy. If it has developed to an 
advanced stage, it requires a very long pe- 


riod of treatment before disappearing, All 
of my patients had a chronic Process, with 
or without acute states superimposed, 
Since the publication of my Preliminary 
report ‘many more of my patients have 
been discharged with complete resolution 
of the conjunctival alterations. But fo; 
the severe cases at least two years wil] 
be required from the beginning of therapy 
to complete recession. In treating chronic 
cutaneous hyperkeratosis, representing 
avitaminosis A, Straumfjord? has likewise 
found that a very long period of therapy 
—several years—is necessary. 

5. Commenting on my data showing a 
high prevalence of avitaminosis A, as 
judged by conjunctival changes with many 
detectable only by biomicroscopic exami- 
nation, Berliner declared that “minor syb- 
epithelial variations, so uniformly found 
throughout the population, should not be 
stigmatized as indications of avitaminosis 
A.” But I pointed out that very few per- 
sons have consistently followed through- 
out life a diet satisfactory in its vitamin- 
A content, escaped the many other causes 
contributing to a deficient state, or had 
complete recovery from any impairment 
of their vitamin-A nutrition. Indeed, 
every dietary survey in our nation has 
shown widespread vitamin-A deficiency. 
Moreover, the older the person, the more 
opportunity he has had for some dietary 
lapse or adverse influence. When these 
facts are considered, the prevalence of 
avitaminosis A, as shown by conjunctival 
changes, is not surprising. 

6. In what was meant for criticism of 
my system of grading conjunctival 
changes detected by the biomicroscope, 
Berliner declared: “. . . until such time 
when more accurate methods of colloid- 
imetry and micrometry are employed and 
standards created, no accurate deductions 
can be made concerning the myriad varia- 
tions in thickness and relucency of the 
normal conjunctiva.” But I neither sug- 
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gested nor used opalescence or thickness 
of the conjunctiva as the basis of grada- 
tion. Although I observed and reported 
marked differences in these qualities, I 
recognized the difficulties in applying 
them. Indeed, it is questionable that such 
fine distinctions of them as Berliner men- 
tions would be feasible, even if they were 
possible. 

Rather I graded my observations on the 
basis of transparency, translucency, or 
opacity of the conjunctiva with diffuse 
light. In classifying observations it is a 
principle to use a convenient number of 
gradations that best fit the range of actual 
conditions. My system has proved prac- 
tical as shown in surveys of several thou- 
sand persons. It is a simple matter for an 


examiner to note whether by the bio- 
microscope and diffuse light the conjunc- 
tiva is transparent, translucent, or opaque. 
Under therapy the gross change in the 
color of the eye in the conjunctival zones, 
as they become transparent, is so striking 
even the patients notice the difference. 
7. On the prime point of my study, 
however, Berliner offers no evidence. I 
have stated that the conjunctival changes 
recede under administration of vitamin A. 
Berliner presents no results bearing upon 
this. He has criticized my study without 
repeating it. 
(Signed) H. D. Kruse. 


New York 
Milbank Memorial Fund 
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Epitep BY Dr. WILLIAM H. Crisp 


Abstracts are classified under the divisions listed below, which broadly correspond to th 
formerly used in the Ophthalmic Year Book. It must be remembered that any given paper mid 
belong to several divisions of ophthalmology, although here it is mentioned only in one Not aff 
of the headings will necessarily be found in any one issue of the Journal. oe 


CLASSIFICATION 


. General methods of diagnosis 

. Therapeutics and operations 

. Physiologic optics, refraction, and color 
vision 

. Ocular movements 

. Conjunctiva 

Cornea and sclera 

. Uveal tract, sympathetic 
aqueous humor 

. Glaucoma and ocular tension 
. Crystalline lens 


disease, and 


wre 


10. Retina and vitreous 

11. Optic nerve and toxic amblyopias 

12. Visual tracts and centers 

13. Eyeball and orbit 

14. Eyelids and lacrimal apparatus 

15. Tumors 

16. Injuries 

17. Systemic diseases and parasites 

18. Hygiene, sociology, education, and history 

19. Anatomy, embryology, and comparative 
ophthalmology 
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CRYSTALLINE LENS 


Chechik-Kunina, E. A. Comparative 
evaluation of surgical procedures for 
removal of soft cataract. Publications 
Helmholtz Inst. of Ophth. (Russia), 
1940, p. 53. 


This evaluation is based on a review 
of 771 congenital cases operated upon 
in 1900-1935; 146 patients having uni- 
lateral cataract and 625 bilateral. A to- 
tal of 1,507 cataract operations were 
performed on 911 eyes, of which 43 
had had optical iridectomies many 
years previously. There were 679 dis- 
cissions, 712 simple linear extractions, 
2 intracapsular extractions, 31 capsu- 
lotomies, 30 capsule extractions, and 
53 extractions of secondary cataract. 
The 679 discissions were performed on 
583 eyes, 96 discissions being repeated. 
Between 2 and 115 days after the dis- 
cission, 414 eyes had 429 linear extrac- 
tions; the linear extraction was _ per- 
formed twice in 15 eyes. In 273 eyes a 
linear extraction was the first operation. 
The evaluation of the surgical proce- 
dures is based on a comparison of the 


visual results achieved in eyes subjected 
to linear extraction, to discission, and to 
discission followed by a linear extrac- 
tion. 

The data show that the visual re- 
sults are better after primary linear 
extraction than after discission, or after 
discission with a subsequent linear ex- 
traction. The chief drawbacks of a dis- 
cission are slow absorption of the 
cataractous masses, necessity for re- 
peated operation, and prolonged hos- 
pitalization. 

The author concludes that in the 
present status of ophthalmic surgery 
discission should be _ discarded as 
among historic procedures’ which 
served their purpose in the preaseptic 
age. Linear extraction, although a more 
radical procedure, is the operation of 
choice. This holds true even in chil- 
dren, as indicated by the visual results 
of discissions in children under ten 
years of age. In 15.1 percent of the 
discissions there was a rise in intra- 
ocular tension, and the linear extrac- 
tions performed on these eyes were 
more often followed by iritis than were 
primary linear extractions. Rise of ten- 
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sjon occurred only in 1 percent of 
jinear extractions, primary or second- 
ary. Capsulotomy and extraction of 
secondary cataract are less frequent 
following primary than following sec- 
ondary linear extraction. Loss of vit- 
reous, iris prolapse, and hyphemia oc- 
cur with greater frequency in linear 
extraction. Of primary linear extrac- 
tions 63.4 percent had vision of 0.1 or 
higher ; this degree of visual acuity was 
achieved in only 56.6 percent of sec- 
ondary linear extractions, and 13.6 per- 
cent of discissions. In two cases in pa- 
tients 36 and 29 years old, congenital 
cataract was extracted successfully in 
capsule. Ray K. Daily. 

Deutch, S. S. A case of arachnodac- 
tyly with dislocated lenses. Amer. 
Jour. Ophth., 1942, v. 25, Sept., pp. 
1102-1104. (3 illustrations.) 


De Vaul, C. H. A new and improved 
technique for the closure of cataract 
incisions. Amer. Jour. Ophth., 1942, v. 
25, Sept., pp. 1079-1083. (5 figures.) 


Horner, W. D. Dinitrophenol and its 
relation to formation of cataract. Arch. 
of Ophth., 1942, v. 27, June, pp. 1097- 
1121; also Trans. Amer. Ophth. Soc., 
1941, v. 39, p. 405. 

This exhaustive review of the whole 
subject of the effects of dinitrophenol 
on man is presented by the author of 
the first case report of dinitrophenol. 

The pharmacologic aspects of four 
phases in the use of dinitrophenol are 
traced: (a) as a laboratory curiosity in 
1895; (b) as a health hazard in the 
munitions industry from 1914 to 1918; 
(c) as a metabolic stimulant with pos- 
sible clinical applications in 1933; and 
(d) as a potent drug which was used 
in the treatment of obesity in 1934 and 
1935, and which exhibited certain un- 


fortunate side reactions. The majority 
of these reactions were trivial, a few 
were fatal, and a middle group affect- 
ing the skin and blood were severe; 
but the most serious of all was the 
development of cataract. Cataract oc- 
curred with recommended doses of the 
drug in a total of more than 177 per- 
sons and without other demonstrable 
reactions. Of these patients, 98 percent 
were women who averaged about 45 
years of age. The cataracts were all of 
one type, were bilateral, developed 
rapidly, and occurred at any time up to 
a year after the drug had been discon- 
tinued. Medical treatment was _ with- 
out effect, but surgical extraction 
proved very successful. Late secondary 
cataract was of frequent occurrence 
after extraction. The reason why 
cataract follows treatment of obesity 
with dinitro bodies is unknown, and 
its relation to the ingestion of these 
substances is unproved. Dinitrophenol 
does not alter the permeability of the 
lens in vivo or in vitro, nor does it in- 
crease inordinately the oxygen con- 
sumption of the lens as compared with 
other issues. It does not hasten or 
otherwise affect the artificial produc- 
tion of lactose cataract in animals. An 
impasse has been reached in this prob- 
lem, since the drug is no longer being 
administered to human beings and all 
attempts to produce cataract by giving 
it to animals have been unsuccessful. 
Since the physiologic actions of dini- 
trophenol are highly desirable, further 
study should be made to eliminate the 
toxic reactions, or, if this is not feasible, 
some other less toxic substitute should 
be developed. 
David O. Harrington. 
J. Hewitt Judd. 


Hurtault, J., and Sverdlick, J. Surgi- 
cal pathology of pupillary occlusion. 
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Arch. de Oft de Buenos Aires, 1941, v. 
16, Aug., p. 449. 


The pathogenesis of pupillary occlu- 
sion and cyclitic membrane is briefly 
discussed. The authors report a case 
with occluded pupil and complicated 
cataract in which intracapsular extrac- 
tion produced good visual results. 
After complete iridectomy, an iris re- 
positor was introduced through the 
coloboma, between the iris and the lens 
capsule, in order to separate the ad- 
hesions and free the pupil; and the 
cataractous lens was extracted by the 
intracapsular method. (Illustrations, 
bibliography. ) Plinio Montalvan. 


Newton, F. H. Safeguards in cataract 
surgery. Texas State Jour. of Med., 
1942, v. 37, March, p. 735. 

The pre-operative preparation and 
postoperative care as well as the actual 
surgical technique of cataract extrac- 
tion as practised by the author are out- 
lined. He stresses details he believes 


necessary for best final results. 
T. E. Sanders. 


O’Brien, C. S., and Allen, J. H. Ocu- 
lar changes in young diabetic patients. 
Jour. Amer. Med. Assoc., 1942, v. 120, 
Sept. 19, p. 190. (See Section 10, Retina 
and vitreous.) 


Townes, C. D. Complications after 
cataract extraction. Kentucky Med. 
Jour., 1942, v. 40, Feb., p. 64. 

Of the five hundred cases under con- 
sideration in this report, 416 were in- 
tracapsular. The only complication oc- 
curring at the time of operation was 
loss of vitreous, which occurred 27 
times in the intracapsular series and 
five times in the extracapsular group. 
All of these, except two, obtained satis- 
factory visual results. 

Postoperative complications were: 2 


expulsive choroidal hemorrhages, lt 
the intracapsular group and 1 ip the 
extracapsular group; hyphemia in 18 
eyes in the intracapsular group and 4 
eyes in the extracapsular group; 2 
cases of infection of the wound, both in 
the intracapsular group; 9 occurrences 
of prolapsed iris, 5 in the intracapsular 
group and 4 in the extracapsular 
group; 1 case of delayed wound heal. 
ing; 21 cases of iridocyclitis in the in. 
tracapsular and 9 cases in the extra. 
capsular group; secondary glaucoma, 
seen 10 times; detached retina, seen 3 
times in the intracapsular and once in 
the extracapsular group; 2 cases of 
acute optic neuritis for which no cause 
could be found; 1 case of epithelial 
downgrowth into the anterior cham- 
ber. Edna M. Reynolds, 


Weeks, C. L. New corneoscleral. 
suture technique. Arch. of Ophth, 
1942, v. 27, June, pp. 1199-1201. 

The author describes a method in 
which corneoscleral sutures are placed 
while the eye still has the protection 
of an intact corneoscleral bridge 2 to 4 
mm. wide. The sutures are placed 
through the section wound immedi- 
ately adjacent to the intact corneal 
bridge, which is then cut by flat scis- 
sors in the plane of the original sec- 
tion. This procedure may be carried 
out either with or without a conjunc- 
tival flap. Two sutures are sufficient 
and give exact apposition. The proce- 
dure is well illustrated by means of 
J. Hewitt Judd. 


drawings. 


10 
RETINA AND VITREOUS 


Benkwith, K. B. Pathologic lesions 
in the macula and the area centralis. 
Jour. Med. Assoc. State of Alabama, 
1942, v. 11, Jan., p. 221. 


== 
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A classification and detailed descrip- 


tion of macular lesions. 
Edna M. Reynolds. 


Dean, Walter. Arteriosclerosis of the 
retina. Kentucky Med. Jour., 1942, v. 
40, Feb., p. 62. 

The significant changes in the retinal 
arterioles in arteriosclerosis and arte- 
rial hypertension are discussed and 
classified. The author regards fundus 
fndings as a more reliable criterion of 
the patient’s condition than the elec- 
trocardiogram and the cardiac X ray, 
and he finds that the majority of pa- 
tients with arteriosclerotic retinitis do 
not live more than five years. 

Edna M. Reynolds. 


Dow, D. J., and Steven, D. M. An 
investigation of simple methods for 
diagnosing vitamin-A deficiency by 
measurements of dark adaptation. Jour. 
of Physiology, 1941, v. 100, Nov., pp. 
256-262. 

Two subjects were tested as to rod 
adaptation. During a part of the pe- 
riod under investigation, they received 
a daily supplement of vitamin A. The 
respective recovery time for percep- 
tion of a field of constant brightness 
differed materially, although the final 
rod thresholds were identical, and in 
spite of the maintenance of optimal 
vitamin-A nutrition. It is therefore 
concluded that, although a test of re- 
covery time may detect a severe case 
of night blindness, such tests are not 
sufficiently sensitive to furnish unequi- 
vocal data on the course of dark adap- 
tation. W. H. Crisp. 


Krasilchikova, E. W. Surgery of em- 
bolism of the central retinal artery. 
Publications Helmholtz Inst. of Ophth. 
(Russia), 1940, p. 176. 


The material consists of 77 patients, 


42 men and 35 women. The right eye 
was involved in 51 cases, the left in 
26. In five cases iridectomy was of 
doubtful advantage. Visual acuity re- 
mained unchanged in two cases, and 
improved but slightly in three. In three 
cases there was a diminution in retinal 
edema. One case had iridectomy and 
sclerotomy with vision improving from 
light perception to 0.06. 

Paracentesis was performed fre- 
quently. In 24 cases vision improved 
from light perception or hand move- 
ments to between 0.08 and 0.1. In 18 
cases vision rose to between 0.5 and 
1.0, the visual field increased, and reti- 
nal edema subsided. One case recov- 
ered completely without any treatment 
whatever. 

The author concludes that the visual 
improvement justifies surgical inter- 
ference, which for best results should 


be undertaken immediately. 
Ray K. Daily. 


O’Brien, C. S., and Allen, J. H. Ocu- 
lar changes in young diabetic patients. 
Jour. Amer. Med. Assoc., 1942, v. 120, 
Sept. 19, p. 190. 

A survey of the fundi of 555 diabetic 
patients under the age of 31 years re- 
vealed diabetic retinopathy in 23 cases 
or 4 percent. The retinal lesions had 
the same appearance as those occurring 
in older patients. These findings con- 
trovert the opinion that such ocular 
changes are rare in young diabetics. 
The increased incidence is probably 
due to the fact that young diabetics 
now live much longer; therefore, the 
retinal changes have a chance to de- 
velop. Lens changes in the form of 
diabetic cataract are comparatively 
common, and they were found in 14 
percent of 260 patients under the age 


of 21 years. (2 tables, discussion.) 


George H. Stine. 
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Snell, A. C. Laurence-Moon-Biedl 
syndrome. Arch. of Ophth., 1942, v. 28, 


July, pp. 12-16. 


In a negro sibship of seven females 
and one male, one female presented 
retinitis pigmentosa, obesity, mental 
retardation and _ polydactylism, but 
lacked hypogenitalism. In addition 
nystagmus and macular degeneration 
were present. Related ocular and skele- 
tal defects were observed in a living 
sister and were reported to have been 
present in a sister who was dead. None 
of the ascendants was known to have 
been affected. The article is illustrated 
by roentgenograms and fundus photo- 
graphs. J. Hewitt Judd. 


Sullmann, H., and Schmid, A. E. On 
oxydoreduction systems of the retina. 
Ascorbic acid and glutathione. Oph- 
thalmologica, 1942, v. 103, March, p. 
150. (See Section 3, Physiologic op- 
tics, refraction, and color vision.) 


11 
OPTIC NERVE AND TOXIC 
AMBLYOPIAS 
Buley, H. M., and Albers, E. C. 
Tryparsamide therapy and impairment 


of the optic nerve. Illinois Med. Jour., 
1942, v. 81, June, p. 477. 


Sudden impairment of vision follow- 
ing the use of tryparsamide occurs, usu- 
ally within 24 to 48 hours after one of 
the first ten injections, in three or four 
percent of patients with normal eyes. 
Because of the exceptional ease with 
which the drug passes the barrier be- 
tween the blood and the spinal fluid 
and because of its low toxicity, it is, 
however, very useful in late neuro- 
syphilis if the patient’s visual fields are 
thoroughly and regularly checked by 
a competent ophthalmologist, if sub- 
jective visual disturbances are prompt- 
ly reported, and if the patient is pro- 


tected against visual damage by the 
simultaneous administration of ade. 
quate amounts of the B-complex Vita- 
mins with the tryparsamide. 

Edna M. Reynolds. 


Dandy, W. E. Aneurysm of the an- 
terior cerebral artery. Jour. Amer. Med 
Assoc., 1942, v. 119, Aug. 15, p. 1253 

The author reports a case of aneu- 
rysm of the anterior cerebral] artery 
which was cured by intracranial re. 
moval. There was defective vision, loss 
of all color vision in the right eye, sug- 
gestive altitudinal hemianopsia of the 
right eye, some pallor of the right op. 
tic disc, and only a small field for 
colors, with central scotoma in the left 
eye. Complete third-nerve paralysis 
followed the operation. The left eye re- 
covered fully. George H. Stine. 


Kaminskaja, Z. A. Etiology of optic 
atrophy. Publications Helmholtz Inst. 
of Ophth. (Russia), 1942, p. 84. 


This material comprises 152 cases of 
optic atrophy, of which 42 were uni- 
lateral and were discovered incidental- 
ly in the course of an ocular examina- 
tion. Of 42 eyes, 28 were blind. While 
the number is comparatively small, the 
study, because of hospitalization, was 
very comprehensive. In spite of this 
thoroughness, the etiology in 53 out of 
152 cases could not’ be established. 
Heading the etiological list was syph- 
ilis, followed by infectious disease, 
trauma, neoplasms, and _ intoxication. 
An epidemic of typhus in 1919-1920 
was responsible for a number of cases. 
Among the toxic agents, plasmocide, 
an antimalarial agent used also as an 
abortifacient, holds a prominent place. 
One case of optic atrophy developed 
after a severe hemorrhage. Two, pre- 
ceded by papillitis, occurred in preg- 
nancy. Ray K. Daily. 
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Krasnov, M. L. Toxic amblyopia. 
Publications Helmholtz Inst. of Ophth. 
(Russia), 1940, p. 149. 

An analysis of 57 cases shows that 
43 were caused by alcohol, 6 by qui- 
nine, 6 by plasmocide, 1 by atropine, 
and 1 by botulism. Of the 43 cases of al- 
cohol amblyopia, 41 were caused by 
methyl alcohol; the other two were in 
chronic alcoholics. Half of this number 
were seen from 1918 to 1920 inclusive, 
when the sale of vodka was prohibited. 
The lesions of the optic nerve on ad- 
mission were toxic amblyopia 23 cases, 
optic neuritis 13, and optic atrophy 5. 
That the prognosis is grave may be 
seen from the vision of these patients 
at discharge: 25 percent had only light 
perception, and the majority had an 
acuity of less than 0.1. 

Six women had quinine amblyopia. 
Rapid loss of vision set in promptly 
after the ingestion of quinine; in five 
vision was rapidly restored to 1.0, and 
in one to 0.8. Contraction of the visual 
field occurred in all the cases. Myd- 
riasis was noted in three cases out of 
the six. 

Of the six cases of plasmocide poi- 
soning, all were caused by overdosage. 
Loss of vision was extreme, and in only 

one case was restoration complete. Of 
the other five, visual acuity at dis- 
charge was 0.2 in one case and below 
0.1 in four cases. Central vision was 
most involved and the peripheral field 
remained normal or but slightly con- 
stricted. Ray K. Daily. 


Levine, Harry. Oxycephaly. Twenty- 
five year report of a case from an oph- 
thalmologic viewpoint. Arch. of 
Ophth., 1942, v. 27, June, pp. 1171-1176. 


The author describes the ocular as- 
pects in a case of oxycephaly followed 
for a period of 25 years. Treatment 
consisted of three cerebral decompres- 


sions, the first done at the age of nine 
years, the second twenty years later, 
and the third done one year after the 
second. One eye was amblyopic, but 
the other retained normal vision and 
fields. No evidence of optic atrophy 
was observed. Doubt is expressed as to 
the beneficial effects of temporal de- 
compression on the ocular system in a 
case of oxycephaly. 
J. Hewitt Judd. 


12 
VISUAL TRACTS AND CENTERS 
Francois, J. Homonymous hemian- 
opsia from acute carbon-monoxide in- 
toxication. Ophthalmologica, 1942, v. 
103, March, p. 143. 


A woman of 49 years was exposed to 
carbon-monoxide vapors emanating 
from a stove throughout one night. 
Asphyxia of the visual fibers or visual 
cortex resulted with total loss of vision. 
However, this cleared, leaving a ho- 
monymous hemianopsia. The lesion is 
probably vasomotor or hemorrhagic. 
Only three other cases of similar poi- 
soning have been reported. 

F. Herbert Haessler. 


13 
EYEBALL AND ORBIT 

Flynn, J., and Sailer, S. Unilateral 
exophthalmos and spinal-cord compres- 
sion in a case of multiple myeloma. 
Ohio State Med. Jour., 1941, v. 37, 
Aug., p. 771. 

In this 68-year-old patient, the 
exophthalmos was caused by old and 
recent hemorrhages in the retro-orbital 
fat. Theodore M. Shapira. 


Galli-Mainini, Carlos. Exophthalmo- 
metric measurements in patients with 
thyroid diseases, with some discussion 
of their significance. Annals Internal 
Med., 1942, v. 16, March, p. 415. 
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A series of 126 patients with various 
types of thyroid disease is reported. 
All patients having exophthalmos dur- 
ing the active phase of the disease were 
found to retain some residual protru- 
sion, while in those with no history of 
exophthalmos the findings were nor- 
mal. Of 34 with spontaneous myxe- 
dema, 21 had exophthalmos. The usual 
forms of treatment seem incapable of 
completely abolishing exophthalmos. 
The author believes that the condition 
is caused by edema with associated re- 
laxation of the extraocular muscles. 

T. E. Sanders. 


14 
EYELIDS AND LACRIMAL APPARATUS 
Richardson, J. M. Acute metastatic 
gonorrheal dacryoadenitis. Arch. of 
Ophth., 1942, v. 28, July, pp. 93-133. 


The literature is reviewed as to his- 
tory, clinical picture, and etiology of 
gonorrheal dacryoadenitis. This condi- 
tion is infrequent, only 39 cases having 
been reported. A thirty-year-old negro 
had acute bilateral dacryoadenitis of 
metastatic gonorrheal origin, with two 
recurrences during observation. There 
was a clear-cut history of a similar 
disorder four years earlier. Recurrence 
in dacryoadenitis from any cause is 
apparently most unusual. This is es- 
pecially true of gonorrheal dacryo- 
adenitis, since only one such instance 
has been reported previously. The pres- 
ent case is the first reported in which 
there was more than one recurrence; 
there were three in all (four attacks, 
all bilateral). 

The present account of the histo- 
pathologic process in a portion of the 
gland removed for biopsy is the first 
detailed description of the histopatho- 
logic picture in the available literature. 
The gonorrheal inflammatory process 
in the lacrimal gland is the same as 


that of gonorrhea in any other tissue 
and supports the view that metastatic 
gonorrhea is basically the same as pri- 
mary gonorrhea, being modified op] 
by the anatomy and physiology pe- 
culiar to the involved organ. In this 
case of gonorrheal dacryoadenitis the 
formation of dacryops is the first such 
complication reported. It was demon. 
strated microscopically to lie in ap 
extralobular excretory duct, and it con. 
sisted of a dilatation of this duct. Such 
dilatation is the result of more than 
one factor, the primary ones being de- 
struction of the mechanism which 
maintains the contractility and the sup- 
port of the ducts by pericanalicular in- 
filtration with inflammatory cells and 
toxins. The blockage, which may be 
incomplete, of these ducts by mucus 
and cellular exudate is under these 
circumstances sufficient to cause the 
ducts to become dilated by the rela- 
tively low secretory pressure of the 
lacrimal gland. The clinical and histo- 
logic evidence seems to indicate that 
the inflammation of the gland is due to 
the actual presence of the specific or- 
ganisms in the glandular tissue. They 
reach the gland through the blood 
stream. Recurrences and focal reac- 
tions are due to the fact that the gono- 
coccus possesses the peculiar property 
of remaining viable in tissues, even 
though inactive, for remarkably long 
periods of time. It is capable of being 
reactivated by noxious stimuli, such as 
trauma, cold, or the presence of the 
specific toxin in the blood stream. 
J. Hewitt Judd. 


15 
TUMORS 


‘Evans, S. D. Carcinoma of the 
limbus. Arch. of Ophth., 1942, v. 27, 
June, pp. 1132-1134. 


A white man aged 47 years com- 


ga 
— 


the 
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plained of itching and running of the 
left eye for two months. He was not 
aware of any growth. Examination re- 
vealed a rather firm, irregular, pink, 
and slightly ulcerated tumor measur- 
ing 14 by 10 by 4 mm., and extending 
from the nasal limbus. The treatment 
consisted of excision of the tumor, 
cauterization of the involved portion 
of the cornea with trichloroacetic acid, 
and covering of this portion with a 
conjunctival flap. Postoperatively, one 
roentgen-ray treatment was given and 
2000 milligram hours of radium ther- 
- used. Pathologic examination con- 
frmed the diagnosis of squamous-cell 
carcinoma. There had been no recur- 
rence or metastasis in seven months. A 
similarity is noted to many of the 313 
cases reviewed in the literature. (Pho- 
tographs. ) J. Hewitt Judd. 


NGraham, T. N. Idiopathic multiple 
hemorrhagic sarcoma (Kaposi). Arch. 
of Ophth., 1942, v. 27, June, pp. 1188- 
1192. 

A man aged 56 years presented idio- 
pathic multiple hemorrhagic sarcoma 
(Kaposi) involving the right eyelids, 
right ear, chin, neck, and chest, with a 
single small lesion on the right thigh. 
When first observed, the primary le- 
sion on the right upper eyelid had been 
present for eight months. Microscopic 
study of sections from a biopsy speci- 
men confirmed the diagnosis. The pa- 
tient was observed for 3% years, during 
which time a few new lesions devel- 
oped on the neck and chest but none 
on the extremities. Death resulted from 
metastases to the viscera. A review of 
the literature revealed few cases in 
which the lesions of idiopathic multiple 
hemorrhagic sarcoma (Kaposi) did not 
appear first on the extremities. In al- 
most all the rare instances in which 
the primary lesions have appeared on 


the face, lesions have subsequently de- 

veloped on the hands and feet. (Photo- 

graphs, photomicrographs. ) . 
J. Hewitt Judd. 


Pertzeva, V. A. Neoplasms of the 
optic nerve. Publications Helmholtz 
Inst. of Ophth. (Russia), 1940, p. 182. 


Tumor of the optic nerve occurred 
in 13 cases among 49,000 patients seen 
at the Helmholtz Institute during 35 
years. Of five other cases diagnosed as 
tumor of the optic nerve, three were 
not operated on; one was found to bea 
sarcoma of the orbit surrounding the 
optic nerve, and one an adenocarci- 
noma attached to the external rectus. 
The age of the 13 patients ranged from 
three to 53 years. There were 11 
women and two men. Both eyes were 
involved with equal frequency. Among 
the 13 patients choked disc occurred 
twice, choked disc followed by optic 
atrophy three times, optic atrophy six 
times; in one case the optic nerve was 
normal; and in one the fundus was in- 
visible because of corneal opacities. 
Exophthalmos appeared at various pe- 
riods in the course of the disease, vary- 
ing from one meth to 13 years after 
its onset. Surgery was followed in most 
cases by diminution of the exophthal- 
mos and improvement in ocular mo- 
tility. The postoperative complications 
were convergent strabismus one case, 
ptosis three cases, total ocular immo- 
bility two cases, and restricted ocular 
mobility two cases. Only two cases 
were followed up; in one there was 
recurrence after three years; in the 
other there was no recurrence after ten 
years. The pathologic report of the nine 
cases examined histologically is given 
in detail. Six of these were primary 
tumors of the optic nerve. One was a 
glioma, one a gliomatous neuro-endo- 
thelioma, and four were meningiomas. 
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Of the last, two were subdural and 


two extradural. Two tumors had a 

paraneural origin, and one was a neuri- 

noma. Ray K. Daily. 
INJURIES 


Alexeev, V. I., Rosenblum, W. E., 
and Baltin, W. M. Electromagnet oper- 
ations. Publications Helmholtz Inst. of 
Ophth. (Russia), 1940, p. 2106. 

The material of 35 years comprises 
936 cases of perforating ocular injuries 
by magnetic foreign bodies; 884 pa- 
tients being men, 31 women, and 21 
children under 14 years. Of these 94.7 
percent represent industrial injuries, 
5.1 percent civil, and 0.2 percent mili- 
tary. Judged by the number of injuries 
the most hazardous occupation is lock- 
smithing, the next three being black- 
smithing, boilermaking, and hammer- 
ing. The right eve was injured in 48 
percent and the left in 52 percent. The 
most frequent sites of penetration were 
the central, nasal, and infranasal areas 
of the cornea. The inner aspect of the 
sclera was injured more frequently 
than any other part. The foreign bodies 
penetrated the cornea in 80 percent of 
the cases, and the sclera in 20 percent. 
The foreign bodies lodged in the lids 
in 5 cases, in the ocular walls in 68 
cases, in the anterior chamber in 165, 
in the posterior segment in 577, in the 
lens in 34, and in the orbit after double 
ocular penetration in 24. Some of the 
patients did not know that they were 
injured, and came to the hospital com- 
plaining of impairment of vision. 

The complications were traumatic 
cataract in 20.7 percent of the cases, 
retinal detachment in 15 _ percent, 
siderosis in 4.2 percent, and infection 
in 12 percent. Retinal detachment ap- 
peared more frequently following dia- 
scleral extraction. Since 1934, electro- 
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coagulation of the wound 


has been 
done with satisfactory results 


as a pro- 

phylactic measure against retinal de 
c - 

tachment. X ray > Mm: 

: t Xt Ly and the magnet test 

were used diagnostically. A modified 


Comberg technique and Vogt bone-free 
roentgenography were the methods 


used. Extraction was done by the an- 


terior route in 75 percent of the Cases, 
and through the sclera in 25 percent, 
The foreign bodies were extracted in 
84.5 percent, and could not be extracted 
in 10.3 percent. The eyeball was eny- 
cleated in 2.6 percent, and the foreign 
body was behind the eyeball in 2.6 per- 
cent. The percentage of successful ex- 
tractions has diminished within recent 
years because of the development of 
new non-magnetic steel alloys. 

The results were loss of eyeball 
through enucleation or shrinking, 17.3 
percent; preservation of a sightless 
eveball, 13.9 percent ; vision lower than 
0.09, 29.4 percent; vision above 0.1, 
39.2 percent. The results were poorer 
in injuries of the posterior ocular seg- 
ment and in double perforation of the 
eyeball. The data show the interesting 
fact that the longer the interval be- 
tween injury and extraction the better 
the visual result. This is explained by 
the fact that in severe injuries patients 
apply for treatment immediately, while 
delayed medical attention is probably 
associated with mild injuries. 

Ray K. Daily. 


Bedell, A. J. Traumatic changes in 
the retina, choroid, nerve head, and vit- 
reous. Trans. Amer. Med. Assoc., Sec. 
on Ophth., 1941, 92nd mtg., p. 25. (See 
Amer. Jour. Ophth., 1942, v. 25, July, 
p. 900. Note: Name misspelled “Ben- 
del” in July issue. ) 

Berezinskaja, D. I. Burns of the eye- 
ball. Publications Helmholtz Inst. of 
Ophth. (Russia), 1940, p. 195. 
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This article is a statistical résumé of 
875 cases, constituting 1.75 percent of 
all hospital patients, and 10.28 percent 
of all traumatic cases. The number of 
traumatic ocular injuries, as well as the 
number of burns, increased rapidly 
with the industrial development of the 
country. Industrial burns represented 
60.3 percent of all burns. Until 1919, 
44.2 percent of burns were classified as 
severe; since then only 24.2 percent 
have been severe. The percentage of 
cases of blindness following burns was 
also reduced during the postrevolu- 
tionary period from 20 to 8.35. This 
improvement the author attributes to 
two factors; a diminution in the num- 
ber of intentional burns produced by 
highly concentrated substances; and 
the education of workers in first aid, 
which at present consists of copious ir- 
rigation with water. Since 1930 Denig’s 
operation has been used in 33 eyes, 
with the interval between the burn and 
the operation varying from one to 22 
days. In 14 eyes the transplant took 
and the corneal transparency was re- 
stored; in four cases the transplant 
took but the cornea remained opaque. 
In three, the cornea became transpar- 
ent while the transplant sloughed. 
Twelve eyes became blind. The results 
were satisfactory in 50 percent of cases 
operated upon on the day following the 
burn, in 30 percent operated upon two 
to four days later, in 28 percent from 
five to nine days later, and in 40 percent 
operated upon after the ninth day. 

Rav K. Daily. 


Cardenas, Alberto. Two cases of 
ocular trauma. Arch. de Oft. de Buenos 
Aires, 1941, v. 16, Aug., p. 453. 

Two unusual cases are reported. The 
first case was that of a patient in an 
insane hospital, in whom almost com- 
plete enucleation of the eye was pro- 


duced by another inmate with the 
fingers. The conjunctiva and the extra- 
ocular muscles were torn, and the lux- 
ated globe, protruding through the pal- 
pebral fissure, remained attached only 
to the optic nerve, superior rectus, and 
superior oblique muscles. Cleansing 
with antiseptic solution was carried 
out and the eye replaced in the socket. 
Healing took place, leaving the globe 
in a fixed position because of orbital 
adhesions. 

In the second case a penetrating in- 
jury of the eve through the limbal re- 
gion produced complete detachment of 
the iris, which was expelled through 
the wound. Healing was uneventful. 
The resulting aniridia produced con- 
siderable photophobia, which was over- 
come with a tinted lens. (Illustrations. ) 

Plinio Montalvan. 


Fox, S. A. Intraocular foreign body 
of wood. Amer. Jour. Ophth., 1942, v. 
25, Sept., pp. 1105-1107. 


Kilgore, G. L. Changes in the ciliary 
body after contusio bulbi in which only 
the anterior segment of the eye is af- 
fected. Amer. Jour. Ophth., 1942, v. 25, 
Sept., pp. 1095-1101 (4 figures); also 
Trans. Pacific Coast Oto-Ophth. Soc., 
1941, 29th mtg. 

Kogan-Bernstein, B. A., Itzikson, 
L. I., Ostrovskaja, M. H., Sviadosz, 
B. J., and Cherniak, P. B. Ocular trau- 
matism and its prevention. Publica- 
tions Helmholtz Inst. of Ophth. (Rus- 
sia), 1940, p. 223. 

Among 49,850 patients, comprising 
the hospitalized material of 35 years, 
7,638 had ocular injuries. The greatest 
number of injuries occurred in patients 
between 21 and 30 years of age; and 
62 percent were industrial. The number 
of injured workers increased 2/2 times 
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during the reconstruction period. Non- 
penetrating injuries were 46 percent, 
the rest were penetrating injuries. Vi- 
sion of one eye was lost in 33 percent, 
and vision of both eyes in 1 percent. 
Most injuries occurred in the metal- 
lurgical industry, and the smallest 
number in the textile industry. The 
best results were obtained in patients 
entering the hospital within one to two 
days after the injury. 
Ray K. Daily. 


Morrison, W. H. Allergic conjunc- 
tivitis and dermatitis from the topical 
use of sodium sulfathiazole and sulfa- 
thiazole. Amer. Jour. Ophth., 1942, v. 
25, Sept., pp. 1104-1105. 


Phelan, H. V. Penetrating wounds of 
the eyeball in industry. Ohio State 
Med. Jour., 1942, v. 38, May, p. 454. 


The salient points in the differential 
diagnosis of penetrating injury of the 
eyeball are listed and treatment is out- 
lined, and 15 cases of penetrating ocu- 
lar wounds are reviewed. Two-thirds of 
the wounded eyes were saved with use- 
ful vision. Edna M. Reynolds. 


Stieren, Edward. A metal safety and 
glare goggle. Jour. Amer. Med. Assoc., 
1942, v. 120, Sept. 5, p. 26. 

A safety goggle which consists of 
two aluminum shields in the center of 
which are one vertical and two hori- 
zontal slots has been designed for in- 
dustrial use. It reduces glare, it cannot 
be broken by flying particles, and vi- 
sion is not interfered with by steam, 
perspiration, or grease. (One illustra- 
tion.) George H. Stine. 


17 
SYSTEMIC DISEASES AND PARASITES 


Hosford, G. N., Stewart, M. A., and 
Sugarman, E. I. Eye-worm (Thelazia 


californiensis) infection in man. 
of Ophth., 1942, v. 27, June, pp. 
1170, 

A second case of infection with T 
californiensis is reported in a man aged 
35 years. Infection with this Parasite 
is presumably rather benign, but 
trauma of some magnitude may occyr 
The history in the present case sub- 
stantiates the opinion that infection js 
acquired in hilly or mountainous coyp. 
try that is covered with brush during 
the summer months. Cocainization of 
the eye should be avoided in remoya| 
of the parasites. The chief distinguish- 
ing features between T. californiensis 
and other nematodes that commonly 
invade the eye are pointed out. , 

J. Hewitt Judd. 


Arch, 
1165- 


Kronfeld, P. C. Ocular tuberculosis, 
Kentucky Med. Jour., 1942, v. 40, Feb., 
p. 66. 


The close similarity between recent 
Statistics on the etiology of uveitis in 
the United States and Germany is em- 
phasized. About 50 percent of the cases 
of uveitis are now attributed to tuber- 
culosis. The differential diagnosis be- 
tween tuberculous uveitis and uveitis 
due to syphilis, Brucellosis, Boeck’s 
sarcoid, thromboangiitis obliterans, 
and focal infection is given. The author 
believes that tuberculin therapy does 
not drastically change the course of 
ocular tuberculosis. 

Edna M. Reynolds. 


Lemoine, A. N: Allergies in ophthal- 
mology. Arch. of Ophth., 1942, v. 28, 
July, pp. 79-92. 

The various manifestations of al- 
lergy are discussed with reference to 
the lids, conjunctiva, cornea, sclera, 
uveal tract, muscles, retina, and optic 
nerve. The author concludes that the 
underlying cause of the disturbed bio- 
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chemical and neurologic state of pa- 
tients with allergy seems to be an im- 
paired function of the pituitary and 
adrenal glands. He briefly discusses the 
treatment, stressing general hygienic 
measures as well as local agents. (Dis- 
cussion.) J. Hewitt Judd. 

Muhlmann, V., and Re, B. V. Treat- 
ment of opthalmic herpes zoster with 
arsenicals. Arch. de Oft. de Buenos 
Aires, 1941, v. 16, Aug., p. 434. 

The author reports four cases of 
ophthalmic herpes zoster treated with 
arsenical preparations with good re- 
sults. Two were treated with sulphar- 
senol and the other two with arsaminol 
and acetylarsan respectively. The 
drugs were all administered intra- 
venously. Small doses were used. In 
one patient the first injection was fol- 
lowed by complete subsidence of the 
neuralgic pain accompanying the dis- 
ease, The arsenical treatment definitely 
shortened the course and prevented the 
complications which are frequently as- 
sociated with herpes zoster. Best re- 
sults were obtained when the treatment 
was instituted early. The authors be- 
lieve that the use of small doses of the 
arsenicals in this condition is deserv- 
ing of more general application. 

Plinio Montalvan. 


Pacheco-Luna, R. Two cases of on- 
chocercosis. Anales Soc. Mexicana de 
Oft. y Oto-Rino-Lar. 1942, v. 77, Jan.- 
Feb. 

The author reports upon the exami- 
nation of two patients who had been 
infected by the onchocerca volvulus, 24 
years previously. The first presented a 
cyst on the forehead and the second a 
cyst on the scalp. Each had originally 
presented himself with a superficial 
punctate keratitis which cleared almost 
at once when the cysts were removed. 


At the present time the vision is nor- 
mal in each eye and the only pathology 
seen is the faint scars at the periphery 
of the cornea which are characteristic 
of onchocercosis keratitis. 

Eugene M. Blake. 


Tikhomirov, P. I. Surgery of the 
paranasal sinuses. Publications Helm- 
holtz Inst. of Ophth. (Russia), 1940, p. 
120. 


Surgery of the paranasal sinuses, 
when indicated by ocular disease, 
should be radical and should be per- 
formed by the external route. It has 
been the custom of the Institute to 
have these operations performed by the 
ophthalmologist assisted by a rhinolo- 
gist. Of 172 cases of sinus involvement 
seen from 1930 to 1935, 17 had muco- 
celes, 6 neoplasms, and the rest were 
cases of sinusitis. Rhinogenic disease 
of the eyes represented 0.3 percent of 
the total number of ocular disease 
treated. The frontal sinus was involved 
in 93 cases, the ethmoid in 41, and the 
antrum in 9, The surgical results were 
satisfactory. There were two fatalities 
in the 123 cases; one patient died of 
meningitis, and the other died on the 
operating table, before the operation 
could begin, from cardiac failure. The 
ocular diseases consisted of edema of 
the lids 41 cases, fistula in the lids 45, 
cicatricial ectropion 5, ptosis 7, exoph- 
thalmos and displacement of the eye- 
ball 50, impaired ocular motility 9, con- 
junctival and scleral hyperemia 8, con- 
junctival chemosis 6, epiphora 2, cor- 
neal involvement 6, involvement of the 
optic nerve 8, and orbital phlegmon 8. 
Of 17 cases of mucocele the ocular com- 
plications were swelling at the inner 
canthus in 4 cases, proptosis of the in- 
ner orbital wall 2, displacement of the 
eyeball 9, fistula in the region of the 
lacrimal sac 1, and blurring of the 
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edges of the disc without visual dis- 
turbance 1. Ray K. Daily. 


18 
HYGIENE, SOCIOLOGY, EDUCATION, 
AND HISTORY 

Bahn, C. A. Ophthalmic require- 
ments of the military services. Arch. 
of Ophth., 1942, v. 27, June, pp. 1202- 
1213. 

The ophthalmic requirements for the 
selective service, army, navy, marine 
corps, coast-guard and air corps are 
presented in tabulated form in three 
sections: (1) minimum requirements; 
(2) qualifying and disqualifying condi- 
tions and diseases; (3) sources of spe- 
cific information. J. Hewitt Judd. 


Friedenwald, Harry. Paths of prog- 
ress of ophthalmology. Arch. of Ophth., 
1942, v. 27, June, pp. 1047-1096. 

Under the subdivisions of physiology 
of vision, pathologic anatomy, and clin- 
ical ophthalmology, the author traces 
the development of ophthalmology 
from the end of the Middle Ages down 
to the present time. He considers how 
the progress of ophthalmology was ac- 
complished, how its problems were met 
and solved, and in what way each in- 
vestigator was indebted to those who 
had gone before in the same or other 
scientific paths. He points out how the 
associated biologic and natural sciences 
have had a bearing upon ophthalmol- 
ogy. The progress made in illustration 
is well demonstrated in copies which 
accompany the article. 

J. Hewitt Judd. 


Gradle, H. S. Role of the general 
medical man in prevention of blindness 
by early diagnosis of glaucoma and 
other causes of blindness. Nebraska 
State Med. Jour., 1941, v. 26, Dec., p. 
415. 


The author outlines the early symp 
toms and findings in glaucoma, em- 
phasizing the importance of early 
diagnosis particularly by the general 
physician. He also stresses the early 
diagnosis of such conditions as tracho- 
ma and ophthalmia neonatorum. He be- 
lieves that in many cases the responsi- 
wality for prevention of blindness rests 
in the hands of the general practitioner 


r. E. Sanders. 


McCoy, H. J. Aid to the Blind pro. 
gram. Jour. Iowa State Med. Soc. 
1942, v. 32, April, p. 174. 

The author reports on the results of 
the State Aid to the Blind law from its 
inception in 1937 to January 1, 1941, In 
the remedial class were 173 patients, 
with favorable results in 52 percent, 
The patients receiving blind assistance 
total 1,508. These cases are classified in 
detail both etiologically and topograph- 
ically. T. E. Sanders. 


Newman, H., and Fletcher, E. The 
effect of alcohol on vision. Amer. Jour. 
Med. Sciences, 1941, v. 202, Nov., p. 
723. 

Experiments done by the authors on 
fifty drivers indicate the importance of 
recognizing the limitations of blood al- 
cohol concentration as the sole crite- 
rion of intoxication. 

Theodore M. Shapira. 


19 
ANATOMY, EMBRYOLOGY, AND 
COMPARATIVE OPHTHALMOLOGY 
Dinnean, F. L. Lens regeneration 
from the iris in Urodeles and its in- 
hibition by lens reimplantation. Proc. 
Soc. Exper. Biol. and Med., 1942, v. 49, 
Feb., p. 232. 
The larvae of the salamander, Tri- 
tutus torosus, were used for these 
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studies. After complete removal of the 
lens, there was thickening of the edge 
of the iris with subsequent depigmenta- 
tion and separation of the cell layers. 
Within 14 to 24 days a new lens de- 
veloped from the thickened iris. In a 
second group of experiments the lenses 
were removed and immediately re- 
implanted. In 19 of the 42 eyes the re- 
implanted lenses appeared normal and 
the iris showed no change suggestive 
of lens regeneration. Eleven of the re- 
implanted lenses became cystic, but no 
regenerative changes were found. In 
the nine eyes in which the reimplanted 
lens became lost there was evidence of 
regeneration. John C. Long. 

Harley, R. D. A quantitative study 
of the cells and fibers in the nucleus; 
nerve complexes of the fourth and sixth 
cranial nerves. Amer. Jour. Ophth., 
1942, v. 25, Sept., pp. 1029-1042. (6 
tables, 7 figures, references. ) 


Igersheimer, Joseph. On anomalies 
and pathologic states of the small ves- 
sels of the optic nerve. Ophthalmo- 
logica, 1942, v. 103, April, p. 230. 

Contrary to accepted opinion that in 
the optic nerve the central artery does 
not branch, the author observed several 
central arteries that gave rise to a small 
branch several millimeters behind the 
lamina cribrosa. It is assumed that in 
these cases the central artery does take 
part in the nourishment of the nerve 
tissue. 

In malignant sclerosis, vessel-wall 
changes such as thickening and fatty 
degeneration may occur not only in 
retinal branches but in these small ves- 
sels of the optic nerve. It is assumed 
that advanced thickening of the wall 
with obliteration of these tiny branches 
may lead to optic atrophy. It is possible 
that severe disease of the central artery 
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may also include a small branch and 
so be the cause of disturbances of cir- 
culation in the optic nerve. 

F. Herbert Haessler. 


Liebman, S. D. A model of the visual 
pathways, Arch. of Ophth., 1942, v. 27, 
June, pp. 1122-1125. 

The author describes a model of the 
visual pathways and gives instructions 
for its construction. A photograph of 
the mesial surface of the parasagittal 
section of the brain is projected and 
traced on plywood. The brain stem, 
colliculi, pineal body, corpus callosum, 
pituitary body, and cerebellum 
modeled on to the plywood with plasti- 


are 


cene; brass wire is used to trace the 
tracts; the plywood is fastened to a 
baseboard ; the final model is 
sprayed with shellac. 


J. Hewitt Judd. 


and 


Marburg, Otto. Primary endings of 
the optic nerve in man and in animals. 
Arch. of Ophth., 1942, v. 28, July, pp. 
61-78. 

The recent advances in knowledge 
concerning the primary endings of the 
optic nerve are summarized. It is found 
that all optic fibers arise in the retina, 
and that antidromic fibers are absent. 
Apart from the retinogeniculate and 
pregeniculate fibers, those to the pul- 
vinar are still under discussion. Gre- 
ving’s retinothalamic tracts are yet to 
be confirmed, as is the retinosubthala- 
mic fasciculus. There are three retino- 
hypothalamic tracts: the fasciculus 
retinosupraopticus, the fasciculus reti- 
notuberis medialis and the fasciculus 
retinotuberis lateralis. Their respec- 
tive nuclei are connected with the 
hypophysial gland. The existence of a 
medial optic root in the midbrain of 
than could be claimed, as in lower ani- 


mals. Its connection with scattered 
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cells medially in the tectum resembles 
the optic connection to the ganglion 
isthmi. The nucleus magnocellularis 
tractus optici (dorsolateral mesence- 
phalic optic nucleus) in man is a small 
circumscribed cellular group dorsal and 
anterior to Fuse’s collicular olive. The 
ventral mesencephalic optic nucleus 
(ganglion ectomammillare), the end 
station of the basal optic root, is con- 


nected with the tectum, into which ep- 
ter in birds direct and indirect Optic 
fibers of the basal root. In man the 
dorsal limb of the tractus peduncularis 
transversus reaches laterally the stra- 
tum zonale and the stratum opticum of 
the anterior colliculus. Concerning the 
functions, the pathways of the pupil- 
lary light reflex, in particular, are dis- 
cussed. J. Hewitt Judd, 


NEWS ITEMS 


Edited by Dr. RALPH H. MILLER 
803 Carew Tower, Cincinnati 


News items should reach the editor by the twelfth of the month. 


DEATHS 


Dr. George R. Clayton, Lima, Ohio, died 
June 13, 1942, aged 69 years. 

Dr. Roy A. Gregory, Plainfield, New Jersey, 
died June 28, 1942, aged 49 years. 

Dr. Charles M. Gibson, Pittsburg, Kansas, 
died June 15, 1942, aged 62 years. 

Dr. John Arnason Johnson, Tacoma, Wash- 
ington, died June 12, 1942, aged 65 years. 

Dr. Frank E. Strickling, Decatur, Illinois, 
died June 24, 1942, aged 56 years. 

Dr. William F. Nicholson, Hamilton, On- 
tario, Canada, died June 13, 1942. 

Dr. Maxcy Lee Brogden, West Columbia, 
South Carolina, died June 1, 1942, aged 57 
years. 

Dr. George W. Longnecker, Elsmore, Kan- 
sas, died June 10, 1942, aged 66 years. 

Dr. William A. Scanlon, Edmonton, Alberta, 
Canada, died June 27, 1942, aged 60 years. 

Dr. John R. Shannon, Richmond, Virginia, 
died July 4, 1942, aged 78 years. 

Dr. Scurry L. Terrell, El Paso, Texas, died 
July 12, 1942, aged 72 years. 


MISCELLANEOUS 


The thirty-sixth annual meeting of the 
Southern Medical Association will be held at 
Richmond, Virginia, on Tuesday, Wednesday, 
and Thursday, November 10 to 12, 1942. The 
officers of the Section on Ophthalmology and 
Otolaryngology are: Dr. L. Chester McHenry, 
chairman, Oklahoma City, Oklahoma; Dr. 
John H. Burleson, chairman-elect, San An- 
tonio, Texas; Dr. W. Raymond McKenzie, vice- 
chairman, Baltimore, Maryland; Dr. J. W. 
Jervey, Jr., secretary, Greenville, South Caro- 
lina. 


A postgraduate course in ocular surgery 
pathology, and orthoptics is offered by the 
George Washington University School of 
Medicine, to be given February 15 to 20, 1943, 
inclusive, by the Resident Staff of the School 
of Medicine and the Army Medical Museum. 
It will include 15 hours of practical ocular 
pathology, with microscopes, lantern slides, and 
demonstrations; 10 hours of ocular surgery on 
animal eyes; 12 hours of orthoptics, with case 
demonstrations. The fee is $100. Details may 
be secured from the secretary, Miss Louisa 
Wells, 927 17th Street N.W., Washington, D.C. 


The ninth semiannual postgraduate course in 
Neuro-muscular anomalies of the eyes will be 
given at the Children’s Memorial Hospital, 
Chicago, Illinois, by Dr. George P. Guibor, 
November 8 to 13, 1942, inclusive. Tuition $50. 
The class will be limited and applicants will be 
accepted in the order received. Lectures and 
demonstrations at the Hospital. 


It has been recently reported that the Illinois 
Eye and Ear Infirmary has been transferred to 
the University of Illinois College of Medicine 
as a part of the improvement of public welfare 
service program. Dr. Harry S. Gradle is medi- 
cal director of the Infirmary and Dr. John B. 
Cipriani is managing officer. 


The seventeenth-annual-spring-graduate 
course of Gill Memorial Eye, Ear, and Throat 
Hospital will be held from April 5th to 10th. 
Among the guest speakers will be the follow- 
ing: Drs. C. H. Best, Toronto, Canada; John J. 
Shea, Memphis, Tennessee ; Bruce Fralick, Ann 
Arbor, Michigan; George P. Guibor, Chicago, 
Illinois; Willis K. Knighton, New York City; 
Thomas E. Walsh, Saint Louis, Missouri; 
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Peter C. Kronfeld, Chicago, Illinois; Perry 
Goldsmith, Toronto, Canada ; John J. McLean, 
New York City; J. R. Lindsay, Chicago, Illi- 
nois; French K. Hansel, Saint Louis, Missouri; 
LeRoy A. Schall, Boston, Massachusetts ; A. x 
Brown, Cincinnati, Ohio; C. C. Coleman, Rich- 
mond, Virginia; and Surgeon-General Ross T. 
McIntyre or his personal representative, Wash- 
D.C. 
SOCIETIES 

At the seventy-fifth annual meeting of the 
Michigan State Medical Society, held recently, 
the following guest speakers participated: Dr. 
Meyer Wiener, who spoke on “Some answers 
to questions on ophthalmology of the general 
practitioners by their patients,” and Dr. Paul 
A. Chandler, who lectured on “Some problems 
in the treatment of glaucoma.” 

The ninety-second annual meeting of the 
Medical Society of the State of Pennsylvania 
was held October 5th to 8th. Among the speak- 
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ers on the program was Dr. Alan C. Woods, 
Baltimore, who discussed “Influence of sensi- 
tivity and immunity on ocular tuberculosis.” 


At the recent election of officers of the 
Brooklyn Ophthalmological Society the follow- 
ing changes were made: Dr. William B. Agan 
was elected president; Dr. Benjamin C. Rosen- 
thal, secretary-treasurer. Meetings are held at 
the Kings County Medical Society Building, the 
third Thursday in February, April, May, Oc- 
tober, and December. 


PERSONALS 


Word has been received that Lieutenant 
Colonel Vail has arrived safely over seas. 

Dr. George W. Pierce, San Francisco, was 
among the guest lecturers at the annual meeting 
of the Nevada State Medical Association. The 
title of his address was “Plastic surgery in the 
region of the eye and orbit.” 
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AMERICAN JOURNAL OF OPHTHALMOLOGY 


Have you 


your personal or 


office copy of 
THE SIGHT-SAVING REVIEW? 


In our program of co-operation with ophthalmoiogists, we invite them to send 
for a complimentary copy of the latest issue. Some current articles: 


ANISEIKONIA 
Homer B. Field, M.D. 


WAR AND EYE INJURIES 
Olga Sitchevska, M.D. 


OPHTHALMIA NEONATORUM 
J. Vincent Flack, M.D. 


GLAUCOMA PROGRAM AT THE MASSACHUSETTS 
EYE AND EAR INFIRMARY 


Garrett L. Sullivan, M.D. 


SIGHT RESTORATION IN INDIANA AS CONDUCTED BY THE 
STATE DEPARTMENT OF PUBLIC WELFARE 


C. W. Rutherford, M.D. 


National Society for the Prevention of Blindness, Inc. 
1790 Broadway, New York, N.Y. 
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